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During the summer of 1973 we received a "presentation" from this 
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' ' ' V " (212) 42I-8S83 

Application for Research tyrant 
s ’ (Use extra pages as needed) < 


Principal Investigator (give title and degrees): '\ t ' , ' 


^ Elmar R. Altwicker, Associate Professor, Ph.D. 


■ 1. Institution & oddress: - : }\ 

RENSSELAER POLYTECHNIC INSTITUTE 
Troy, New York 12181 






3. Department(s) where research will be done or collaboration provided: • 

Division of Bio-Environmental Engineering, Rensselaer Polytechnic Institute 
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4. Short title of study: 


iV^:^- THE EFFECTS OF POLLUTANT GASES, PARTICLES, AND INDUSTRIAL ATMOSPHERES ON 


LUNG SURFACTANT " ' : .. 

! 52ay^»*V.5. Proposed starting date: 1 July 1974 

4- Estimated time to complete: 3 years 


7. Brief description of specific research aims: cf. Page 12 of the attached proposal 
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.$f.8. Brief statement of working hypothesis: 


Turnover rates of lung surfactant increase when laboratory animals are ' ' 

tobacco smoke. Since different portions of the surfactant moiety 
turn over at different rates, long term studies are proposed in which V 
JfiiiS® decay of radioactive ' isotopes is followed in both the lecithin and water • 
|4^;] Lttble P recursor portions in order to clarify the mechanism. If long term turnover 
j^^atadies using pollutants other than tobacco smoke are combined with determination 


»??composition, the results may give further clues as to the possibility that the 
J*«r factant "guards" the air-lung surface interface. Experiments with known 




||§&particle size fractions are included. In conjunction with a study of EFA-deficient 
IllyBnimals the studies are aimed at the question of possible chronic lung damage . 
ferelated to higher turnover rates and the possibility of depletion of the surfactant 
leading to pulmonary edema, (cf. Page 10-12). . " ■ 


-;'9. Details of experimental design and procedures (append extra pages as necessary) 

Pages 13-20 of the attached proposal. 
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: V A- Salaries (give names or state "to be recruited") 

- {*'■[■:: Professional (give % time of investigators) 

even if no salary requested) . ^ . 

Principal Investigator (Dr. E. R. Altwicker) 


Postdoctoral Fellow (Dr. J. Burnell) 




% time 


207oA* 


507.S* 


: •' '•' V v * , :- f v Ov.V^j 

Amount . , • / - - 


1007.C* 
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10,000 


Technical 

Graduate Assistant (to be recruited) 
Graduate Assistant (to be recruited) 
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Technician (to be recruited) 
Technician (to be recruited) 
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B. Consumable supplies (by major categories) 

Rats (purchase and care) 
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507A. 
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7,800 
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1.500 
5,000 

4.500 


r . Sub-Total for B 

, .. . .. ■■ 

C. Other expenses (itemize) 

Equipment Maintenance 

Domestic Travel to Scientific Meetings 

Computer Usage 

Purchase Order with Albany Medical 
College for the services of Dr. J.A. Balint: 

Salaries-107. time, calendar year -$4,000 Sub . Totd for c 
Indirect Cost-607. of Salaries - 2,400 
■ Total $6,400 

;.v; . Running Total of A + B + C 

D. Permanent equipment (itemize) 
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$ 9,700 

$63,165 
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Chemiluminescent Ozone Monitor 
and Recorder 


6,000 


E. Indirect costs (15% of A+B-frC) 
15. Estimated future requirements: 


Sub-Total for D 


Total request 


Year 2 44,590 
Year 3 46,820 
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$78,640 


•" ' v:v Salaries Consumable Suppl. Other Expenses Permanent Equip. Indirect Costs 
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A. INTRODUCTION 
-> I. Objectives 




Many Investigations have been undertaken to elucidate the biosynthetic ' ' 
■%£££& pathways of surfactant lecithin production and to clarify the in vivo assembly of 


'^•the surfactant system. This system is currently thought to consist of phos- j 
J§§g^pholipid, predominantly dipalmitoyl lecithin, and protein. It has been suggested 


- r 4 * w *■ *"• f j/(ivmvw*4iuuv*^ * «. v w*. j uu« v*>w*i»a ****** *^00 ■ .- 

' that these are assembled within Type II alveolar cells and secreted and catabolyzed Sifi% 

. - . . • - 

)^j§k r >>• 88 8 un *- c * The evidence is chiefly indirect, however. 

The surfactant is produced in the lung and is essential to its normal • 


function; the surfactant prevents collapse of air spaces at physiological pressures, 
Interference with production and subsequent activity of surfactant could lead to 


.^-higher surface tension. As a result it will require greater pressure to inflate . 


^ w- the lung so that pulmonary compliance will be reduced. Interference with surfac- 

-•^ .\:Jtant activity leads to abnormality of lung function (respiratory distress syndrome). 

♦.V V . 3 - ■■ ‘ •> . i- . 


^ It has been speculated that during episodes of high air pollution or 

'•'exposure to toxic gases there may be a short-lived interference with surfactant 
. activity. Absence of a permanent reduction of surfactant production are primarily 
based on surface tension measurements, which are based on questionable rationale. 




up ’ v ‘ 


The purpose of the studies described below is to use single pollutant 




y. inhalation, synergistic mixtures, industrial atmospheres, and highly polluted 


. XCvic?' / 

r. 

i-’V;. n 


atmospheres and dietary manipulation to produce changes in synthetic and secretory 
rates and to monitor concentration and composition of surfactant to further ij 

elucidate basic mechanisms of surfactant activity and metabolism. £ 

c* 

2, Background C 


Under a joint NIH-grant the two principal investigators are currently 
-..‘7 . engaged in a study of the biosynthesis of the surfactant system in vivo and . 

c ln vitro in order to learn more about relative importance of different pathways 
*’vv'r-./ 8nd 8 8tu( ty of the effect of tabacco smoke and tobacco smoke particulate fractions 


■' - s'; 


i s, 



^ on surfactant turnover rates # 


' ‘5 v*;. 
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One of us (JAB) and bis colleagues at AMC have published a number of 


¥^ : papers concerned with phospholipid metabolism in normal and EFA deficient rats 


/ 

■ y[ • 


^Pfe^and hamsters especially with reference to hepatic and biliary lecithin metabolism ^ 

.:,v lw' ’ • .. 4?! 

Jilv v (l-6) • These studies have demonstrated the existence of several functionally * ■ <•*.&$£ 





distinct pools of lecithin within the liver (1,2), Furthermore, it was shown 

'M&- 



^ that the synthesis, as well as secretion, of biliary lecithin was accelerated 






r'0;v‘ y by increasing bile salt loads (5). In addition, these studies demonstrated that 








certain types of lecithin were preferentially synthesized by either the direct 






s'-- 


Kennedy pathway or the methylation pathway of Greenberg and Bremer (2,4), Also 
published have been studies on the methodology of phospholipid analysis by column r-v 


i • \ x 




... or argentation chromatography (7,8) as well as studies on the neutral fraction 


••.. 

and phospholipids in a number of lipid storage diseases (9,10,11), 






c 


During the past three years we have been engaged in studies in the 
metabolism of phospholipids in different tissues of dogs and rats and of the 


■;',iy.00c 


possible effects of exposure to tobacco smoke on these processes. The results 








of studies in dogs have recently been published (12) « The data obtained in these 

. -. .. 

^^experiments cast doubt on the importance of the methylation pathway to lecithin 
synthesis in lungs, as they showed no evidence of incorporation into lecithin 
following injection of methionine-methyl-or of ethanolamine-1,2-• The j 
■-'•^-^$ : data also suggested decreased synthesis of pulmonary surfactant lecithin in dogs / 

S;1 

*8 • l 

• ,tD "■$$$ 

More recently we have been engaged in studies of phospholipid metabolism 
• ' in lungs, heart and liver of rats exposed to tobacco smoke for 2-3 days prior . : >r*v. ^ £c£ 
isotope injection and of normal controls. These animals were then followed in 
/“groups of 4 for 2-48 hours. The data indicate statistically significant increase 
, fc he specific activity in surfactant lecithin of H-glycerol (a\ 2 hours (p < »05) 3s43 


m. 

exposed to tobacco smoke for short periods of time (2-4 hours) , These latter 
conclusions, however, are open to criticism, as they are based essentially on 
observations obtained after a single time period only. 


www.industrydocuments.ucsf.edu/docs/hnll0000 














repeatedly confirmed this finding. This difference is still present though no 
^ longer significant at 4 hours, but is reversed at 12 hours. Glycerol- H specific 
activity then declines more rapidly in surfactant lecithin from smoked animals 

i-. V J ' .Lmh B AA A ♦- t%«* /. O tlAKWfl ,La J J C C a u a A . J — —A A J a! - — i f i i. / _ -A ACV ■■ - 


^ than controls so that by 48 hours the difference is again significant (p < .05). 




.7^ Data for ’32 hours and 60 hours support these findings. The slope for controls 

.073 and for smoked animals * .083. Specific activity from choline-1,2-^C is 

L $$£y-: y. ' .. . 

higher in controls than in surfactant lecithin from smoked animals at 2 hours 

‘ . 

h: 7 * 

< an< * rema *‘ n8 higher throughout the 48 hours. (At 24 hours, p < .05 and 


^p|^f';48 hours, p < .01). These results have now been fully confirmed in a second 

.‘*J- Y7 r ~ 

experiment. These data suggest increased turnover of surfactant lecithin in smoke 


- • .j»asb3fe 


■■‘"We® 
••. 

•> .'is. 1 ■ 

_ • 

yygm 


exposed rats with perhaps reutilization of choline. Glycerol labeled in 2 position 

3, . o-- • ^,k * ' • ' 

^fc^^with H is not reused as it is lost in the body water pool. More detailed studies 

- y<$.- • ’ _-..v:•’*. 

• ’• . 7.77 :... '• • 

'- :i: for longer time periods and the use of selectively filtered smoke are currently 

v ■ y.-. / • . ■ • - '.’iyycii, 

%;>l^ : under way. Data from these studies Indicate that surfactant lecithin contains at • 




...- least two pools, one with a half life of 12-15 hours, and the other with a half 


' ' 5-' 3 14 

life of 50-52 hours in respect to decay of 2- H-glycerol and 1- C-palmitate labels. 


These long term studies have shown, furthermore, that the turnover of 






sS&eitf-glycerol and palmitate are similar as indicated, and shorter than that of • 
;^g«holine-l-2- C and J P phosphate. These latter tracers exhibit half lives of 




20-25 hours and 70-80 hours for the rapid and slow compartments respectively. 


7 :■ 

■...■ '*■ 'i*' 

... . .... „ 


^ Possible reasons for this difference between glycerol and fatty acid on the one hand, 7 ; 7 


and choline and phosphate on the other in lung is being investigated presently in 
in vitro studies of choline oxidation. It is of interest that no such differences 
can be demonstrated in liver lecithins. ... . 


H* 7 ; ': 

o ~s 
o-ti¬ 
ed m- 

vim 


The other investigator (ERA) and his students have been active in a number M. 


i*Yv\; v of areas in air pollution. Specifically, the effects of additives in fuel oils.on 

'/ v» the NO -formation during combustion has been studied using a small model combustor 

-,v ..*• 777-5 

. In this connection, extensive investigations into measurements of NO and 

"u " ' ‘ '' ’7 "• ' ’ : .7'.; ,y ; . .v, is-T"’ v t 

have ** een ma< * e (Saltzman, PDSA, gas chromatography, and mass spectrometry have 


^M.?°2 have ^ een ma< * e (Saltzman, PDSA, gas chromatography, and mass spectrometry have 









k..; ■ S7i' ; fSPA-PV-" 
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. been used). Currently, all our measurements are done via chemiluminescence, ' 

'■ ! 4: ( Another study has dealt with the kinetics of the ozonc/olcf in reaction (18) and the 

I 'w"rVlg» v 

•■'iV. * v 'use of several measurement techniques for the detection of high and ambient ozone 

- . " ' . 

^ concentration (Kl-method, olefin reaction, Mast ozone meter, chemiluminescent . 




ozone monitor). Some studies have been carried out on the measurement of ozone in 


y• ‘ .the presence of sulfur dioxide by these techniques. ■ "[■■■ ' 

, ■ | Small particle measurements have been carried out in our laboratory by the 

r/i.i;■ use of Andersen heads on HirVol samplers, the Lundgren Impactor, the Integrating 

Nephelometer, and the Condensation Nuclei Counter (CNC). Smoke filtration experi¬ 
ments using mass and CN-counts are currently in progress in connection with the 
surfactant turnover studies. In the past, a small study on ambient air pollutant 
^^.measurements in a rural-recreational area (19) have been carried out. In this 




; « { 


Z M. connection, benzo[a]pyrene was measured by fluorescence. ~ 1 

Another study - Just commencing jointly with the Division of Air Resources 
^ of New York State Department of Environmental Conservation - is aimed at measurement 
■i *■ and Identification of ambient air hydrocarbons at a site in Troy, New York and in 


S0& 

• -i vr.rft v 


.New York City. 

■ 3. Work Done by Others 


' .V 


u’v -. Recognition of a surface active component of pulmonary edema fluid is very ' 

0-^Mzr-- ■ . ■ : ■: 

■ o'...recent and derives from the observations of von Neergaard (20) and Pattle (21,22). 

Present knowledge concerning the metabolism, nature and disorders of the surfactant 

. Lfc 

system have been extensively reviewed recently (23-25). Surfactant lecithin has ^ 
been shown to be predominantly (507. or more) dipalmitoyl lecithin (26,27). Watkins ^ 

C/l ;> 

(28) showed that this type of lecithin is particularly suitable for a spreading C*3 

v y surfactant film due to its packing characteristics. S 

Morgan et al (26) demonstrated the presence of phosphatidyl dimethyl " 

. : , ■ , -.'***«* 

^. cthanolamine (PDME) in dog lung and lavage fluid (about 4-5% of total phospholipld ^^^^ ^ 

r “They showed that this compound was rich in palmitic acid and has surface active . 

^ : :;:: 0 *naractexisttca similar to those of dipalmitoyl lecithin* They suggested that ^ 

vi I'^^^^^^Svwund^jsUydcKJurnsnts. ucsf!ed u/docs/h nl10000 





; r PDME may be an intermediate in the synthesis of surfactant lecithin via the 
V methylation pathway, Morgan (29) went on to demonstrate N-methyl transferase 
activity in dog lung microsomes. He showed that this enzyme in lung was most 
active with saturated PE as substrate and catalyzed the synthesis of saturated 
: lecithin from mixed tissue PE, No such specificity was seen in the action of 



hepatic N-methyl-transferase. He further demonstrated that this enzyme activity 

vy>- .. . , . 


was inhibited by high 0_ tensions. This enzyme activity was present in microsomes 

2 ... ■ o':--: 

in the lamellar bodies. Further evidence for the importance of the methylation 
pathway for the synthesis of dipalmitoyl lecithin of lung surfactant has come from 


studies of fetal lung lipid metabolism by Gluck and associates (30,31), Chida and 




Adams (32) and Morgan (33). These workers showed that Just before birth synthesis 


? V dipalmitoyl lecithin Increased, together with Increased activity of the 

■ ' '•••• . -■ . . • •. . : ;:v:Vr;v..-'v ■ .... • . . 

methylation pathway and appearance PDME in lung extracts. 


zWl 


methylation pathway and appearance PDME in lung extracts. 

- C.v ■ X ' v’.— ; - . ^4%$$ 

C Other workers have questioned the predominant role of the methylation 

. .-A.**' ' ■- ■ 

P at bway in the biosynthesis of pulmonary surfactant. Thus, Spitzer et al (27, 

•• ■ • - •CO-W 

34,35) have indicated that in vivo , using isotop leal ly labeled choline, meth- y-^ 

32 

... - V, lonine-methyl and J rO,, the CDP-choline biosynthetic pathway is more important (£ 

' CO ’ 

adult female rats. These authors demonstrated very slow turnover of PDME $*•' 

. . 

^^^''•“relative to that of lecithin and could not confirm the similarity of fatty acid 

.... 

4’ pattern between PDME and surfactant lecithin. Using similar techniques in dogs, ' 
we could not show significant incorporation of methyl group from methionine into 
- pulmonary surfactant lecithin (12). Morgan (25,33) has recently concluded that 

the CDP-choline pathway may indeed be quantitatively more important under normal •.?*${> 
V .. • ... conditions. Of interest is a recent study by Pawlowski et al (36) which suggests 




U /i'i the presence of a pool of surfactant type lecithin in lung parenchyma, associated 


^?^f*-’ wlth lamellar bodies, which may be the precursor x»r storage form of surfactant 

-yy§&* ecithlnt 


^, -' * 4 


-A 




MM 





, v- .- .. 

tea 

a 

ffsst# irta 


Wmm 
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Several Investigators have suggested that the surfactant system contains 
•' a lipoprotein and that surfactant lecithin is excreted by the Type II cells in that 


; ; form, Hassaro (37) confirmed the presence of laminar bodies in Type II alveolar 

. • .. 

cells (granular pneunocytes). He showed that in isolated cells from lung lavage 

fluid (50% v of cells were Type II) labeled glucosamine, galactose and mannose was 

: i-'v .. ••• ./:■ • ■ • • . v- ‘ 

incorporated into protein in the microsomes and then transferred to the laminar 
- ■ bodies shown to sediment at 15000 g (see also ref, 36), He suggested that this 
r.W: protein was part of the surfactant system. Massaro et al (38) confirmed these 


' me 


''fSv': 


■ * :< vT- 


results both in vivo and in vitro using rats. They showed that epinephrin increased ^' r ;' 
C. ^ - secretion of protein into the incubation medium in vitro whereas cyanide and cold • 


(0 ) inhibited this process, Pruitt et al (39) isolated a fraction from pig lung 
i lavage fluid containing about 207. by weight of protein and rich in dipalmitoyl 
;■ lecithin. They showed that this protein was immunologically not serum albumin. ^ 
-.Similar composition of a fraction obtained from dog lung material has been © 

/ " - CO 

V reported (36). The significance of these data is thus questionable. The data CA 

//-v:- • • - . co 

of Spitzer and Norman (35) showing similar turnover of choline, phosphate and C£ 
. V leucine in rat lung surfactant seem to support the concept that surfactant is a 

lipid-protein complex. - 


* - v * ■ • 






Recent studies by King and Clements (40) have demonstrated the presence of 


4v.v>an immunologically distinct protein in lung lavage fluid, which by fluorescent 
si;■" microscopy, can be shown to be on the alveolar surface. This protein furthermore, 
is isolated from lung lavage material and lung homogenates, with the surface active 
saturated lecithin. These observations, therefore, present strong evidence to 
support the contention that surfactant is a lipoprotein. 


Recent studies by Naimark (41) using labeled palmitic acid have indicated 
that alveolar macrophages may play an important role in the catabolism of surfactant 


C 


.lecithin. He showed that after injection of this tracer, radioactivity first 


‘ appeared in lung DPL, then in surfactant lecithin and then in macrophages 














Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 








7. 


' However, studies on the turnover of surfactant lecithin are difficult to 

interpret, because of uncertainty as to which part of the molecule should be 

V / . 

followed. Tierney et al (42) calculated a turnover of pulmonary surfactant to be 

0,25 pmole lecithin/gm of lung/hr from loss of compliance with rapid breathing. 

14 ' 14 

i^ftf-tf^'lJsing C palmitate and U- 4 C-glucose (to label glycerol) they arrived at a 












turnover rate of 0.3 pmole/gm/hr (42). They observed similar half-lives for 
-pulmonary and surfactant lecithin (about 14 hours). Polyunsaturated lecithins 








'j^^turned over more slowly. Spitzer et al (34,35) obtained a half-life of surfactant 

lecithin using labeled choline and ^P0. of around 40 hours, Newman and Nalmark (43, .£'.y 

.. 

'4By-.f;V obtained a half life for surfactant lecithin of about 8-18 hours in normal animals v 
.and showed that hypoxia decreased turnover rate. Pilot studies in our laboratories V, ; ' 




^(quoted above) gave a half-life for surfactant lecithin of 11.5 hours in normal 

•• ‘• * •.'•' - ■ •" > v 

.^^V.vanimals, (8 hours in those exposed to tobacco smoke) using H-glycerol. Half-life 

- ■ ■ ' • • u ' iV. •. ./•.:•••• •' '' ■ \ 'if; ■■ 

of choline-1,2- C in the surfactant of these animals was 19-20 hours. These :-&r\%£'£z 

findings by different authors would be consistent with the concept of diglyceride 
v 77 : >y ; exchange but clearly need further detailed evaluation. 


.yV; •* *•>.' 


© 

o 


Hiller and Bondurant (44) showed that tobacco smoke blown over a surface jTj 

•/ . - cri // : 

v < film in a Wllhelmy trough lowered surface activity. Data to show that similar _ qj 




C D 


effects may occur in vivo are less convincing though evidence for such an effect C0'!ifc$i 
i° n«n has been presented (45). Fresolomo et al (46) suggested that surfactant 
." .lecithin is bound to protein by non-covalent bonding, thus accounting for its £'”-’ 

ready dissociation from protein* They considered that lecithin is probably present / ^ 
in liquid crystalline form stabilized by water, protein and counter ions. It Is 
possible that these liquid crystals could thus be precipitated out by seeding with 
various particles in inspired air. Pulmonary artery occlusion and hypoxia, 
pulmonary edema and 




hyperbaric 0^ have been shown to reduce surfactant and lung - 

2 ... •' <... : ,* -V o-v:. •. < *jr.- -- 

/^compliance (for review see 25)* Ladpan and co-workers (47,48) have demonstrated 
7 ^.^changes in alveolar macrophages in cigarette smokers, with presence of large 


■ 'b • t 



Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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figures, which might represent phagocytized surfactant lipoproteins. These findings 


-3* 


I 


are consistent with the metabolic studies cited above (41), Thickening of 


,bronchiolar basement membrane has been reported in rats exposed to NO 2 ^ or long 
periods (49). Similar changes have been reported after prolonged exposure to 

jS- • . • . 

—y tobacco smoke (50), Recent work by Rhoades of long term exposure of rats to 

■ . -• - 

NO^ gave evidence of altered surface activity and phospholipid composition of 




Mm 

aiil 


. 4 '" 


p * lung washings (51), 

.'.f Gil (52) has drawn attention to the difficulties inherent to electron •• ,;3 r .-, 

■ '• ' • ; 333 . 

microscopic studies of lung tissue and surfactant. However, a number of studies 

(36,46,47,48) have recently shown that with proper attention to detail good 
3’ preservation and images may be obtained. This technique has been used to correlate 333 

3"' structure and lipid composition (53) and structure and metabolic function (36). 

> In terms of physico-chemical and photo-chemical interactions between ‘ J 

iv.-surfactant and atmospheric or industrial pollutants dipalmitoyl lecithin (DPL) 

( and egg lecithin (EL) monomolecular films and their interaction with NG^/olefin 
-'■ ‘ mixtures have been studied (54). Films of the saturated phospholipid (DPL) showed 
'.' 3'3 no interaction with any of the test atmospheres, while all NC> 2 containing atmos- 


■ •• Jp 


• ‘At-.**- 

■ -'"-try. 


->y* - 

ycMM 


'33Pheres effected a change with the unsaturated egg lecithin (EL); the evidence in 

the latter case was interpreted as a chemical reaction rather than a simple physical 3 

~ : '^v 

’ -• ■■■■■"■■ 

3-p penetration phenomenon; contrast this with the findings of Rhoades (51). Since lung *''33 
surfactant is predominantly DPL, it was speculated that the primary site of attack 
of pollutants were the materials of the capillary cell membranes rather than the 
surfactant. It is clear that isolated lung surfactant does contain some unsaturation, 
however (46,51); this should be susceptible to ozone attack. A recent symposium 


touched on many of the difficulties and conflicts in studying the interaction of 
"pollutants with various loci within the lung (55). Coffin and his group (55) 


h* 

o 

© 

cs 

CA 


ls group 100 ; , f 

^ picHencea evidence to the effect that exposure to ozone had no significant effect 
on pulmonary surface activity or fatty acid composition of phospholipids, It was 

. .. . ■ , , M-:iy :■.■■■■ • -.-..3 - . -3;. - ■. 

3 ; BPv polnted 0ut » however, that the surface tension studies were qualitative in nature 




presented evidence 


’*^^^^" 8 ^ l, ^^ , ^^^^^3^^ w j~nd U st r ydocuments.ucsf.edu/docs/hnll0000 







kv.;- 


9. 


and that a value of 15 dynes/cm reflected simply an arbitrary evaluation of the 

"presence" or "absence" of pulmonary surfactant and that quantitative inferences 

should not be made. In line with the in vitro findings cited above it was shown 
y . “““““—— 

fc hat at levels of exposure which produced extensive morphological changes in 

?$/$£'■ ■}••" ’ v • ■ " " - •' ' . V;" 

r, ; alveolar macrophages, there was no alteration in phospholipid composition or 

' ~ . .. . ■ : . " . • 1 . .* ^ . . . X •* - * - - 

pulmonary surface activity and that alterations in cell structure are not mediated 

... . .. ■ . ■ 

'£•. 1 directly through a change in protective function by an agent such as DPL. Gardner 

U* *' .. . . v 



al (55) made similar observations in that the ability of DPL to protect macro- 
phages was lost upon exposure to ozone, but the surface tension-lowering properties 




■ jr 


s/y ••. 


• vere unchanged. Experiments supposedly showing the destruction of surfactant by 


.•»> 


'..'V smog components have been reported (56). 


v; ■ 


Ramirez et al (55) studied diseased patients and found varying amounts of 


unsaturated fatty acids in the lipids of washings from such patients. Pattle (57) 

. '• ■ ••• 

■"vl|?;?jf'has speculated on the possible reaction of lung surfactant to nitrogen dioxide; 




4 


V however, cf. ref* 51. 

' ■ -• *• ' ' • ... 

tjivk-; An extensive body of literature exists on ozone and photochemical oxidant . • 

4: ^ ! toxicology (58,59,60). Specifically, Goldstein (61) has suggested oxidation of 

' •’ .1 ...-i- 

fatty acids as a cause of ozone toxicity and pointed out the necessity for studies O •-;•£?>. 


. ...... . • - ■ - 

^^ at ambient pollutant levels to determine whether lipid peroxidation can take place 

‘‘ under such conditions in the lungs (62). Roenm (55) reported that oxidation of 


' /-<; 


fatty acid methyl esters was increased by traces of nitrogen dioxide oxidations 
in films, and retarded both nitrogen dioxide and ozone oxidation in aqueous 


CD- 

ID 

3 


solutions. It has also been shown that a considerable portion of ozone is removed ^,... 
in the upper airways (63). Effects of surfaces on ozone makes it difficult to • . 


calculate the amount actually reaching the alveoli (64,65,66), In man, short-term 


■.F%, 

-rf: 


..• -. ozone exposure has shown a significant increase in pulmonary resistance (64). 

Changes in chemical composition of lung tissue homogenate, following ozone _ 

V -1 inhalation, could not be traced to a particular tissue component (67). : - 4 - 


• . 



ource: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 








Results on pulmonary deposition of aerosols have been reviewed (68). 
Experimental and theoretical studies on the breathing of half-micron aerosols by 


Davies and co-workers have been interpreted as showing the complete absence of 
^mechanical mixing in the alveolated airways (69). 








4. Rationale 








Current studies in our laboratories have shown that tobacco smoker Inhalation 


accelerates the turnover of pulmonary and surfactant lecithin. Previous studies by 

--* r> ■ ; 

others and ourselves show that the phosphoryl choline moiety of surfactant lecithin XtVi 
M- turns over more slowly than the glycerol and fatty acid portion. This could be 

explained by the diglyceride exchange postulated by Bjornstad & Bremer (70) or by 
assuming reutilization of phosphoryl choline. This question can be resolved by long 
;; term turnover studies in which the decay of radioactivity is followed in both the 
■ lecithin and its water soluble phosphorylated precursors. Long term turnover studies 

f may in fact be the only way in which relationships between surfactant activity and 

. permanent detrimental changes irt the lung can be shown. There is evidence that .•;; ? .-••• 

- chronic inhalation of irritant materials stimulates a large increase in the number r * 
of free alveolar phagocytes and decrease in the amount of extracellular surfactant .7 

the alveoli (71), V . . ; 




The experiments with individual pollutants - some of which will be carried 


out shortly - will be aimed at the assessment of turnover rates to further sub¬ 
stantiate evidence currently being gathered. However, it is unlikely that typical 
ambient concentrations of single pollutants will show permanent effects (51). It 


seems 


more plausible to concentrate on synergistic mixtures (0^, NOj, 0^, NOji 


rj 8ubmicron particles; 0^, SC^. trace metals in particles), highly polluted atmos- © 
■ phere6, industrial atmospheres (which may be high in one or more toxic component, W 
; i*£^such as SO,, CO or Cl,, etc.), and special situations (i.e. H, SO. mist which ; 
arise to an increasing extent from automative exhaust catalysts in 1975) 
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*%y ■ 

'.-ISUr, 


Although It has been reported that DFL is not altered by ozone (cf. work 
done by others), this Is perhaps somewhat surprising. Ozone does, of course, 

■ ^4 . attack olefinic bonds faster than others, but it also attacks heteroatoms and C-H 
'.C-fllr '.'bonds. Moreover, attack on double bonds or heteroatoms may give rise to radicals . . 
which could form unstable hydroperoxides or to singlet oxygen ( 0.). Both types of 


'^S ......... 

reactions have been demonstrated In vitro (72,73,74). Pryor (74) has estimated 

-6 

that If all the ozone breathed by a human were converted to radicals, about 10 




. mole of radicals would be formed In the human body per day* Undoubtedly, only 


sfcVr./Mr 








of these radicals are Involved In damaging processes but the suggestion that 
the lung mucus reacts with most of the ozone and protects lung tissue by a 


: sacrificial mechanism lacks experimental substantiation and appears to be at 




variance with some in vivo experiments (cf. work done by others). If morphological ' 
changes occur while the material which presumably "guards" the air-lung surface _ 

-.-fInterface remains intact, a sacrtfical mechanism is not indicated (49). The turnove: 


Vv, . experiments and selective microscopic studies now in progress should help to clarify 

• '• z v V\\V._ • ■ 

. ■ - ' 

i ' ... this point. : 

■ \. • • . ..... 'v;--'i 

Certain synergistic combinations could be crucial as far as long term 

implications are concerned. Witness Selikoff’s (75) findings on the synergistic 

■ - .• 

effect of asbestos and cigarette smoke; it is expected that results from control 

. 

-’‘^‘^ experiments vs. toxic substances may soon be grossly predictable, based on the 

O' 

trend of our data; but it is considerably more difficult to predict which © 

• Co 

synergistic combinations of two or more substances may lead to higher turnover C/l 

w 
Ce¬ 
rates as well as chronic effects, rft 




In addition, we have shown that in animals deficient in essential fatty ^ 
‘ acids (EFA) uptake of fatty acid by intestinal mucosa and of bile salts by liver 
normal; however, removal of triglycerides into intestinal lymph (76) and 
•Psecretion of bile salts and lecithin into hepatic bile is markedly impaired 

These results, and similar data by other investigators (72), indicates an excretory 
defect in EFA deficient animals. It seems likely, therefore that a similar 







Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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excretory defect may be produced in the lungs by EFA deficiency. Such an excretory 


block may so alter surfactant excretion as to produce more severe lung damage in 








• • ®oimal8 exposed to pollutants. In liver EFA deficiency is associated with increased 

....... • ... ■ 

: C. ^ phospholipid turnover. If similar changes occur in lung, increased incorporation 

”r- l': *v>- H-W'- 




- . • ... 

of isotope into intracellular lipids may be found. Simultaneous examination of 

■'« 






protein synthesis using labeled amino acids under such circumstances could yield 




Important information concerning the site of assembly of the surfactant system. 


Since increased breathing rates can lead to increased turnover rates, this 


effect will have to be accounted for. Specific experiments to do this are outlined 


*■ - below. 




Finally, human studies on turnover rates using stable Isotopes are 


proposed. 




Radioactive isotopes have limited usefulness for human studies, such as 


described above, because of the magnitude of the radiation dose involved in order 


to obtain reliable count rates. As it is clearly important to confirm animal 


data in man, we plan to develop the techniques for use of stable isotopes 


(deuterium and in human studies. We plan to use uniformly D 2 labeled palmitic 


acid from commercial sources. They are available, but very expensive at present. 


The biochemical and physiologic studies with stable isotopic tracers will be 


similar to those used with radioactive isotopes. The techniques, however, will 


need to be developed. Preliminary work in this approach has been started. 
(Dr. J. Burnell who recently completed her Ph,D, program at RPI, will join us 


for the specific purpose of developing these techniques in conjunction with 


Dr. John Hudson at RPI), 


B. SPECIFIC AIMS 


1* To obtain clarification of the sites and mode of biosynthesis and 
. secretion and sites and modes of catabolism of surfactant in normal "$1 






and EFA-deficient rats. 








. . — — . j i . 1 i mmm 

Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 




2. To examine the effect of environmental pollutants, synergistic 

mixtures, highly polluted atmospheres, and typical industrial 
atmospheres upon these processes, • -* 

3. To study the effect these pollutant mixtures in an isolated 
heart-lung preparation (78), 

4. To study certain substances (or groups of substances) from 2, in 
combination with cigarette smoke (and fractionated-as to particle 
size - smoke). 

5* To study the effects of these pollutants upon cardiac and hepatic 
phospholipid metabolism, as controls for the above studies. 

6 . To study surfactant turnover rates in anesthesized and exercised 
rats (both controls) and those exposed to toxic substances in 
order to further delineate the reasons for the increased rates 
of catabolism. 


•SS-vt* 


« __ 4 y t 







7. To investigate surfactant turnover in humans using stable Isotopes 

8 , To develop computer models of the observed metabolic schemes, 

J|K:. and thus to try to site of any metabolic effects observed. 

C, METHODS OF PROCEDURE 

Various groups of rats will be used for these studies and at least 8 
animals in each group will be used to determine the mean value and SD for each 
time period. The groups of animals will be as follows: 

1. Control - animals fed regular chow and not exposed to pollutants. 



2. EFA deficient controls - weanling rats fed a fat free diet (Nutritional . 
Bicchemicals Company) supplemented with 4% tripalmitin for 12 weeks. 

Not exposed to pollutants, 


3. Animals exposed to pollutants - fed regular chow. 


4. EFA deficient animals fed as for 2 but exposed to pollutants for 
various time periods, 

• 

5, An additional control group will receive the fat free diet supplemented 
with 47. safflower oil, in order to rule out any effects due to 
difference in dietary carbohydrate content. 

. V-V" ‘.V- . v • 

• .. ; II • • •» a* . •> *.V 

■ -■3 
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. . During the isotopic studies animals are housed in special cages as 

• 'i"' . 

* •' - * 

illustrated below: future studies will be made usine the modified inlet system shown. 
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Air Is moved through the chamber by vacuum or a small pump and the two 


— - 


r valves are electromagnetically operated through a timer, which allows room air or 


• pollutant to enter the chamber In alternating cycles. When smoking the timing is 

adjusted to obtain a 30 cc puff at -30 cm H o 0 pressure (2 secs each minute). In -?$$$$& 

1 ' ■ ■ - 






current run's, experimental animals are exposed to tobacco smoke from 20 unfiltered 

.. ..... 

- ' cigarettes per day for 3 days prior to isotope injection. They are continued to 

exposure at this rate to the time of sacrifice* Subsequent studies will be done : 
with longer periods of exposure to tobacco smoke and other pollutants. In other 




-experiments the intensity of exposure will be varied. The rats will be weighed 
before the start of exposure and daily thereafter and their food consumption 
recorded. If the experimental animals show significant differences in food intake 

*r'+’ ; f -• .*••• . . ■ , ' .~ V • ••• . •' -• * . . 




from controls (non-pollutant exposed) additional pair fed control animals will be / 




Certain artifacts of the present chamber design which derive primarily : 


from the large surface/volume ratio (which increases drastically when a rat is 

- placed in the chamber) make it difficult to account for ail losses and concentration 
.. ■ ... / ... ' . . 

V'" gradients within the chamber. In the current studies this Is especially true of 

•fW,condensation nuclei counts, for example, where the counter we are using has a 

high sampling rate (300 ml/mln) and a relatively slow (~1 sec) response time, '■C 

A new chamber is under construction using currently recommended techniques 2r? 
(64,79), it will permit a variable S/V-ratio (Figs. 3 & 4). This chamber will be rp 

provided with suitable means of feeding and cleaning and concentration measure- CJ 

ments for selected substances. It will permit a considerable variation in gas 
residence time (this is important for the study of periodic variations - diurnal, 


for example - as well as for the accounting of loss rates to the walls). Although 


.V » n 


, l --s ye do not propose to construct a smog chamber some of the recent findings from 
C smog chamber design and measurements are pertinent (80,81). Filtration techniques 
v and efficiencies for smokes and aerosols have been discussed in detail (82,83,84) 


■A>£v ?/' v, \ 

















Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 






jV 























16 


Y-:tY 1. Experiments on Biosynthesis and Turnover of S urfactant: 

C General: Adult male rats (Wistar or Long Evans) will be used and after 1|P|I 

'v^inltlal treatment as outlined above each will be injected via the tail vein 
! :.r ; with isotopic mixtures as outlined below and killed by exsangulnation by cardiac 
, or aortic puncture at Intervals from 1 to 150 hours following isotope injection. 

At sacrifice an endotracheal tube will be passed and surfactant obtained by lavage 

.®®lng 20 mM Tris (pH 7.5) in 1.15 M HaCl (35). Cells and debris will be removed •• 

.... ' / ^ - v - •. 

: >5Y- £rom was h by low speed centrifugation and surfactant obtained by high speed 

centrifugation as described by Pruitt et al (39). Cells will be examined Y^|p 

• microscopically and chemically in virus experiments. The lung, heart and liver YY* 

; ';*;YYwill then be removed and carefully rinsed free of blood. For lipid analyses the •/ .' 

•• .. .. 

YYYY...tissues will be extracted as described previously (9). Lipids extracted from the 




Y: various tissues will be analyzed using silicic acid column chromatography and thin 

■ . . . . - . r . 

layer chromatography to obtain pure triglycerides, 1,2 and 1,3-diglycerides 

C lecithin and phosphatidyl ethanolamlne (PE) by methods in standard use in this Y.v,Y 

, ; . laboratory (8,9) and/or with two dimensional TLC (85). Purified lecithin and PE 

- : will be further sub-fractionated according to the degree of unsaturation of their 

. fatty acids by argentation chromatography (8,86) or by mercuric acetate adduction (A0) 

£ \ Completeness of these separations will be checked by gas liquid chromatography •-.YY-Y 

VY--J■ • ' . ", 

tu e methyl esters as previously described (2). In studies of the methylation T ‘ 

^ pathway monomethyl and dimethyl PE will be isolated (87,88). Radioactivity of 

the isolated compounds will be determined by liquid scintillation spectrometry 

using a toluene, a toluene-TritonXIOO or a dioxane based scintillation fluid as 

appropriate (2). 




Other Determinations to be made are the Following : 

1. Tissue wet weights : . 

2, Pool size of total lipids, total phospholipids, lecithins and 
phosphatidyl ethanol amines. . 










mm-. 









Source: https://www,industrydocuments.ucsf.edu/docs/hnll0000 
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3. Specific activities (dpm/p mole lipid phosphorus) of each phospholipid 
and their water soluble phosphorylated precusors. 

4. Pool size of water soluble precursors if necessary by reverse 
isotope dilution as described (4). 




5. Electron microscopic evidence of change in lamellar bodies, with 
-$$■£ autoradiography if indicated, appearance of surfactant lining layer 

artd evidence of increased phagocytosis of lipid material by macrophages. 

. An aliquot of lung will be extracted as above, another aliquot taken for 

electron microscopy and the remainder homogenized and submitted to gradient 

centrifugation to obtain intracellular surfactant type lecithins as described 

e • .... 

M&:by Pawlowski et al (36) or King and Clements (40). In other groups of rats 


: iV. 








y 

. - 

- v * 

•—.. r - 

. ■ •' • 

" it* 

■ * - . .v.'f 'r V, 


y. - similarly treated, suitable aliquots of lung, heart and liver will be taken for ' , 4 ;,... c „. 

■ '/ M-' 

V> • .extraction in 70% ethanol for analysis of the water soluble precursors of lecithin 

..... . ■ - . ■ '■*<&*&■•■ 

: and PE (phosphoryl choline, CDP-choline, phosphoryl ethanolamine and CDP-ethanol- 

V^ h .4 : : ' 

amine) as previously described (3,4). For electron microscopy tissue and surfactant 


' will be processed as described by Finley et al (53). 


•SSE9*S%* 

: 4mt 


Statistical analysis where applicable will be done using Students "t" test, 
the Mann-Whitney "u" test and Isotope decay slopes will be drawn using the least . 


_v’ : square method with 957. confidence limits being ascertained for each slope. These 

programs have been computerized. 

3. Specific Experiments : Turnover and Exchange Experiments : 

• '• '• 

' Rats will be housed as described above and fed regular rat chow. The 


’V.- 


experimental group will be given synergistic mixtures of pollutants to breathe as 


outlined above. Control rats will be similarly housed and receive air Instead of q 

CJ 

pollutants. After three or more days each rat will receive via tail vein suitable 

■ CKB 

amounts of the isotopic compounds given below and then killed at intervals up to (£ . 


150 hours. The results from these studies will be used to project longer time 


periods for future studies. 


lunge IT L JLIUC ■ ’ ar 

■ rM j;V. :; 


( Ml ' Based on our present data as reviewed in the Introduction, we believe that /•g 

; . 2- H-glycerol and 1- X-palmitate (or 9-10- H-palmitate) are Ideal tracers for 

^ ^surfactant turnover studies. These two isotopes will, therefore, be used as 


"'Wfi 


mm 
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V atandard tracer substances. In addition, normal and pollutant exposed animals will 






also be studied using labeled palmitic acid. This stable isotope tracer has 

been chosen for the following reasons: 

% ' 

1) Because it is uniformally labeled, there are 32 deuterium atoms/molecule 
thus giving a very high signal to noise ratio on mass spectrometry. 

2) Palmitic acid from surfactant and other lecithins can be readily separated 
by methylation and isolation of the methyl esters. 


■ ***-,. ■ 

1 




- 3) The methyl esters are volatile at temperatures used for mass spectrometry. 

. • .......... .. , . .. 

- 4) Methyl esters are readily quantitated by gas chromatography. 

-y In addition to labeled glycerol and palmitate, experiments will be performed 

using ^C-ieucine to examine the relative relationship of lecithin and protein 
v," turnover in the surfactant system. The system will be Isolated by either the method 


■ r.~t 


;. ‘ ... .* f 


of Pruitt et al (39) or King and Clements (40). In view of the recent studies of 
Naimark (41) we will pay particular attention to the pulmonary alveolar macrophages. 
These cells will be isolated from lung lavage fluid (41) and their lipids extracted 
and analyzed as described above. Since such cells exhibit active phospholipid 

metabolism of their own, quantitative data on their catabolism of "ingested" 

■ ■ ■ ' ■ 

surfactant may be difficult. The following approaches to this problem will be 


.. ; 


\v_-1. 

.'”5 V 


'ri'A • 


'■^Vr 


tried: 


1) Comparison of total numbers of macrophages recovered in lung lavage fluid 
in normal and pollutant exposed rats at each time period (i.e, cells/mm^ 
of lavage fluid). A constant volume (3x6 ml) of fluid will be used for 
lavage. 

2) Comparison of number of macrophages per alveolus as judged by light 
microscopy in normal and experimental animals. This method will be a 
check on #1. 

3) DPL will be isolated from the macrophages in the lavage fluid and total 

dpm in DPL/lavage volume, as well as specific activity (dpm/pmole DPL) 
determined, yy-y 


O 


o r 

O ■ , 

CJ • 

Cl -r 

CO *'•••" 
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These observations will be correlated with changes in metabolic rate of 

DPL in pollutant exposed animals in order to try to establish whether the changes 
■•ir" in metabolic rates are secondary to stimulation of macrophage activity and/or 


V.j 







0:- 


macrophage population in the alveolae. 

. r : .- Studies will be performed to establish a standardized lavage procedure 


• r&mg 


- ■ •** . - -■ v • 

'• for recovery of surfactant lecithin. The procedure currently being used (39) 




•■i-h r-fi v 
>■ : ,; 


yields fairly consistent recoveries of about 1 pinole lecithin/rat, using 3 washes 
'.i - of 6 ml each. In order to be able to measure secretory rates more precisely it 
‘ .will be necessary to refine this method further. We will, therefore, compare the 
more recently published method of Young and Tierney (96) with our present system. 

' By these means it should be possible to examine secretion rates of surfactant DPL 
: w:;v>", in relation to pollutant exposures. 

■^0^^ Since controversy still exists regarding the relative importance of the 

'^Kennedy and the methylation pathways to lecithin biosynthesis in the lung, it will 

be Important to examine these two pathways after pollutant exposure, if exposure 

■ ( ' --“4. ■: 

V to pollutants results in more rapid turnover of surfactant DPL. Studies will be 

, 3 14 

performed using methionine-methyl- H, or ethanolamine-1-2- C to evaluate the 




W-<~ 

^ V 


. .. 


, "• 




• • ‘ v j. 

■'W : 


methylation pathway contribution, if any, to DPL biosynthesis in normal and 


experimental rats. Since this pathway is of established importance in liver, 
'•p'J^but of doubtful significance in lung, these studies will be performed in the 
; isolated heart lung preparation to avoid any problems with uptake by lung of 
lecithin secreted by the liver into the circulation. 

4 Based on the present rates of smoking of the rats it is not possible to 

predict what effect increased amounts of cigarette smoke or variable concentrations 
of other pollutants, etc. will have on the phospholipids in these tissues, 


■ ": 


h* 

© 

© 


especially since no relationship between pollutant concentrations and the amounts * ^;4>V 
Inhaled has been established. For this reason experiments in the larger chamber. 

/ % to be built will be more meaningful since a correlation between pollutant con- ~ 

...centration in the chamber and amount inhaled should be more readily established, 

Bxperimenf a nalno tyflrfiMifi ovnnenro Hmos ( rtirronf^ mu a t- Ka mtml Arl wf v« r* \r4 n O 




Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 


20 


sr Some work with single pollutants will be carried out under the current 

v * ' 

'^ NIH-grant. Of more interest will be studies with pollutants (such as S0 2 > which 




are largely removed In the upper airways (89,90); if these produce a response 




(Increased turnover rates after correction for increased respiratory rate, if any) 

'k ' " x : 


tfeV : v * n indirect effect must be operative; this could be sorted out by synergistic 

'^‘V. • • ;. - 

v.' 




,r^. : 


&V studies such as sulfur dioxide in the presence of oxidizing (transition metal salts) '^r tv 

■ . • •• * 

nuclei. Toxicity of long-term exposure to sulfuric acid mist has recently been 

. . ; . •. . '■ .. '• ;' 

reported (91). 

-J ■ 


~tr. V' 


Techniques for the preparation of controlled test atmospheres are routinely 
In use in one of our laboratories (ERA). These are done via dynamic syringe. 




^1" ' rotating stopcock, permeation tube, and the use of plastic bags. Where possible 

■ ■' ■ •• ‘ ■ "... . ..\'•<•.. ...j •. •.. ... 

r ; continuous monitoring of pollutants will be performed (0^» NO, KO^ -chemi- 




luminescense; particles via CN-counter or mass sizing; SO^-via hydrogen peroxide 


— '■ '■ >:*. • ,-s*.. »■ 


f or photometric). 

• zi;’:Experiments with Essential Fatty Acid (EFA) deficient rats are currently Q 
■0?'^,; ' underway. The combination of EFA-efficiency and pollutant exposure upon the C*3 

3 $-^- . ‘ g 

synthesis, storage, and secretion of the surfactant system will be extended to W 

' g 

^^p^^other pollutant systems if present studies warrant it. W 


■‘-Sw'SS-svii-•A. In Vitro Experiments 


- ■ \ ' v 


! n^SX-- As phospholipid synthesis in cell free systems is not always the same as : y 

in Intact animals, further studies will be performed using isolated heart-lung 

preparations. Such a system has been described in the rat by Simpson-Morgan (78). ■' 

" *>**_ . * , . 

Heart-lung preparations prepared by this method will be obtained from normal and 
• pollutant exposed animals and incorporation of suitable radioactive precursors 
_ after intracardiac injection followed for 1-4 hours in lung and heart by methods 
Qj:- described above* These steps will permit study of surfactant synthesis in a‘system"*^^ 
where hepatic synthesis of phospholipid and protein are excluded, thus allowing us 
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(■ \ to rule out any hepatic contribution. These studies will also avoid the problems 
^associated with adipose tissue lipolysis secondary to nicotine stimulation. 
Electron Microscopy will be used to evaluate the following: 

1. TO help ascertain purity of cell fractions. 






vjfvr ■> _ *'-<■ 

;.^s\-y.'. . 




..... . 

V*.. * 




2. To compare the appearance of macrophages in normal, EFA deficient 
and pollutant exposed animals looking particularly for evidence of 
phagocytosis of membrane structures resembling surfactant. 

3» To examine the Type IX alvelor cells in normal, EFA deficient and 
pollutant exposed animals with particular attention to the 
appearance both qualitatively and quantitatively of the lamellar 
bodies. It is hoped that such observation, coupled with bio¬ 
chemical data, will allow better understanding of the assembly 
and secretion of the surfactant system, particularly in relation 
to the membrane systems concerned with secretory granules and 
• protein synthesis in EFA deficient animals. s>- 


;ffi D* SIGNIFICANCE 


c 


1. Do pollutants increase the turnover of surfactant lecithin? If this is 
the case the slope of disappearance from the surfactant of pollutant-exposed rats 
should be significantly greater than that of control animals. This is what we 


■ vv-y.‘- 

' ' ‘ -UJ ■ 

> : $r- 


’ ;A- 


‘****&V- 


X#} 


are finding currently with cigarette smoke# Long-term exposures of rats to high 


' A 




4.;;;- v levels (2.9 ppm) of NO^ resulted in a 13% decrease in lung compliance, a V- 

.^■^.significant reduction in surface-active properties (increased surface tension) an 
, " decrease in lung lipid content, and a marked decrease in percentage of total 

saturated phospholipid fatty acids (51). It was suggested that lung instability 
(P-V measurements) with NO -exposure was due to alterations in fatty acid 
composition of surfactant phospholipids. It is clearly desirable and necessary to 
combine turnover measurements with phospholipid fatty acid analysis from lavaged 
lungs if underlying mechanisms are to be understood. The experiments proposed 
should also shed light on the effect of pollutants on the phospholipid metabolism 
heart and liver. 'y. £ -?Z \/ V'y ;,;y^■ 4$:;*££"T: 
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2. Long term exposure studies are thought to be more significant than ’’forced" 
inhalation studies. Precise knowledge of the effects of various environ¬ 
mental factors upon the metabolism and function of the surfactant system 
is lacking. Epidemiological studies indicate that such factors play an 
important role in the pathogensis of acute and chronic pulmonary disease 
in man. 

• • 

Other factors have to be accounted for, Kerr (92) has shown that there is 
in man a diurnal variation of respiratory function independent of air 
quality; i.e. a chemical or metabolic change (for any observed changes) 
would be indicated in our experiments, rather than a mechanical one. 
However, we have not verified such a diurnal variation in the rat. 

Which of the three pathways of lecithin synthesis is involved in 
surfactant production? In vivo and in vitro studies from control and 
pollutant exposed animals will determine which pathway shows increased 
activity in conformity with Increased in vivo turnover. How do the 
findings relate to the surfactant pool? 
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4. Studies in roan 

Once the techniques for use of stable isotopic tracers have been 
developed based on the work done by Klein and co-workers (93,94) 
in the animal models described above we will apply their techniques 
to studies in healthy human subjects and patients with bronchopulmonary 
disease. Techniques for obtaining pulmonary lavage fluid for man have 
been developed by others and can be applied to these studies. Precise 
description of experiments in man will have to await more precise 
definition of the problem in animal studies. We anticipate that such 
human studies will not therefore be undertaken for at least two years. 

At that time a precise protocol will be submitted for review both by 
the granting agency and the Committees or Experimentation Involving 
Human Subjects of the Albany Medical College. . 

5. Clements (95) presented an interesting correlation of surface active 
material vs. pulmonary surface area for several species (experimentally 
and theoretically). Based on the theoretical curve all species have a 
surfactant reserve. This correlation (if the fashion in which it was 
arrived is accepted) will be important to the interpretation of turnover 
rates and pool sizes to be obtained from the proposed study. 


E. FACILITIES AVAILABLE 

The experimental laboratories available for this study include 1000 
square feet of area for general medical research and 500 square feet of an air 
pollution laboratory. There are 350 feet of office area available. 
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The following major items of equipment available for this study include: 
liquid scintillation system (Beckman L S 250), preparatory ultracentrifuge (Beckman 






L 265) , high speed refrigerated centrifuge (Servall RC 2-B) , gas chromatograph 


(F & M Model 400), electron microscope (RCA-EMJ) , 2 fraction collectors, Packard 


- v *. 
■ ’ 

j* y>-v * 


strip counter, refrigerated microtome (Porter-Blura), gas chromatograph (Perkin- 
Elmer 900), gas chromatograph (Gow-Mac), ozone generator (Welsbach), ozone meter 


/£*«*** 




(Mast), spectrophotometers (B & L Spectronic 20, 70, 88), ultraviolet spectro¬ 
photometer (Beckman DU 2), NO analyzer (Scott 225 Chemiluminescence) atomic 


.r*4^:. v - absorption spectrometer (Beckman), total carbon analyzer (MSA), integrating 
;nephelometer (MR), condensation nuclei counter (Environment/One Rich 100), 

Lundgren impactor (Environmental Sciences), and radioactive Isotope measuring 

•'VvV " ■> 

, V,. r 

. ^ ^equlpment, The following items are available — to be shared with other , . 
'V- investigators: Digital Equipment Corporation PDP-12 computer, NCR Century 200 
.^computer, IBM 360/50 computer, nuclear magnetic resonance and electron spin 




resonance instrumentation, and mass spectrometry (Dr. Hudson's laboratory at RPI) 
and neutron activation analysis equipment. 
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Medicine 


Short title of study: • ‘ v . ■ • ‘ • 

Relative Importance off Cigarette Smoking and Exposure to 
High Level Automotive Emissions to the Development of 
Chronic Bronchitis 

Proposed starting dote: July 1, 1974 

Estimated time to complete: Five Years 

Brief description of specific research aims: ' 

The specific aim of this study is to determine the relationships 
among cigarette smokers > exposure to automotive emissions and the 
development of chronic bronchitis. In addition, we plan to eval¬ 
uate the frequency of physiologic abnormalities and symptoms in 
chronic bronchitis and to study the sequential devc :>pment of 
chronic obstructive lung disease over an extended time period. 
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2. 

Brief statement of working hypothesis: 

Chronic bronchitis develops from the interaction of nature and nurture. 

A variety of inhaled materials, cigarette smoke and automobile exhaust, 
for example, may lead to small airway disease in genetically susceptible ’pi. 
individuals. Small airway disease may or may not progress to symptomatic 
emphysema depending on the intensity of genetic and enviromental factors.pp* 
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Details of experimental design and procedures (append extra pages as necessary) 

The appended reprint details a study of over 450 tunnel and bridge 
officers conducted over the past three years under contract from the 
Triborough Bridge and Tunnel Authority. This population group is 
composed' of men who collect tolls andcontrol traffic for seven " 
bridges and two tunnels in New York City. These men are exposed to 
extremely high concentrations of automotive emissions and have .y- 7 
relatively high' levels of carboxyhemoglobin. We have shown that '•"••'''PP 

more than 75% of the group have laboratory evidence of small airway 
disease. A Venn diagram (see Figure 1) emphasizes the frequency of • . 

abnormal closing volumes and midexpiratory flow rates as well as the 
frequency of symptoms. While detailed smoking histories have not yet ' 
been evaluated, a similar incidence of bronchitis and decreased pul- 
monary function was observed in both smokers and non-smokers, leading if/./ 
us to question the belief that cigarette smoking is the major cause of 
small airway disease. * . ‘ • ’ •• ;v f 

We are requesting support from the Council for Tobacco Research in order ftp 
to specifically study the interrelationship between genetic abnormality .'•] 
and environmental exposure. The overall study will continue for another • 

! 'l three years under contract with the Triborough Bridge and Tunnel Authority, 
vp'- but by virtue of an agreement with union and management, we are committed 
e'v' to study the incidence of coronary artery disease using treadmill and on¬ 
site electrocardiographic monitoring techniques. 

Since considerable data on the prevalence of bronchitis has been already 
obtained, we are most anxious to continue the study of pulmonary disease 
in this group over a relatively long period of time. " fit 

We propose to further analyze the population by measuring the alpha I "iiyc 
antitrypsin phenotype and by obtaining a detailed family history re¬ 
lating to the possible inheritance of pulmonary disease.Aryl hvdro- 
;hf carbon hydroxylase inducibility will be measured by the technique or s 
Kellerman et al,(2) since these workers have recently shown an increase 
/ in the incidence of bronchogenic carcinoma in individuals with higher ' 

^'Complete 


/levels of inducibility suggesting a genetic predisposition. (3) v ^‘( 

■; " • ■ ' - • , . -1st if* -• :■ s 

- hw:- •- • ' :" - v ■ -• .• : ./lAnotr'if 
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Details of experimental design and procedures (cont f d) 

hematologic evaluation, immunelectrophoretic measurement of serum 
globulins and plasma complement, carboxyhemoglobin and blood lead 
measurements will be made as part of the overall study. 

A population of over 400 men first studied in 1970 will be con¬ 
sidered the experimental group. There is relatively little 
turnover in this group of workers and it is likely that the 
entire population can be followed for at least five additional 
years. We will make annual measurements of closing volume, mid- 
expiratory flow rate, airway resistance and functional residual 
capacity. These methods are detailed in the accompanying reprint. 
In addition, the British Research Council Respiratory Symptom 
Questionnaire and a postero-anterior and lateral chest x-ray will 
be repeated each year. This data will be stored in an in-house 
magnetic tape data system and be evaluated each year. 

The following specific questions are part of the experimental 
design: 

1. Are carcinoma of the lung, bronchitis or emphysema 
more common in tunnel workers than the general 
population? 

2. Is there a dose effect between the development of 
respiratory disease and cigarette smoking in this 
population? 

3. What is the relative importance of exposure to auto¬ 
motive pollution and cigarette smoking in the develop¬ 
ment of carcinoma of the lung, bronchitis and' emphysema? 

4. Is it possible to identify genetic markers which pre¬ 
dict the development of respiratory disease in a 
heavily exposed population? 

References 

1. Lieberman, J. , Mittman, C., and Schneider, A.S.: Screening 
for homozygous and heterozygous alpha,-antitrypsin deficiency. 
Journal of the American Medical Association, 210, 1969. 

2. Kellermann, Gottfried, Shaw, Charles R., Luyten-Kellerman, 
Mieke: Aryl hydrocarbon hydroxylase indueibility and broncho¬ 
genic carcinoma. New England Journal of Medicine, Vol. 289, 
No. 18, November 1973. 





3. 


Kellermann, G. , Luyten-Kellermann, M., Shaw, C.R.: Genetic 
variation of aryl hydrocarbon hydroxylase in human lymphocytes 
American Journal Human Genetics, Vol. 25, 1973. 
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10/5pace and facilities available (when elsewhere than item 2 indicates, state location): 



Computer facilities 
Chemistry laboratory 
St. Vincent Hospital 
25 Winthrop Street 
Worcester, Massachusetts 


Pulmonary Function Laboratory 
117 West 12th Street 
New York, New York 



None 


3 

12. Biographicalisketches of investigator(s)and other professional personnel (append): 

Please see attached list. 

13. Publications: (five most recent and pertinent of investigator(s); append list, and provide reprints if available). 

Please see attached list. 

Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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14. First year budget: 

- ' A. Salaries (give names or state "to be recruited") 
vV>'V' . Professional (give % time of investigator(s) 

: even if no salary requested) 


Ayres, Stephen M. 


% time 


10 % 


Amount 


Technical . 

Lab Technician 100% • $9,000 + $540 

Computer Technician and Data 100% $10,000 + $600 

Analyzer 


B. Consumable supplies (by major categories) 

Glassware, gases, chemicals 


Questionnaire 


Sub-Total for A _ $19,000 +$ 1,140 = 

$20,140 


$3,500 
$ 500 


C. Other expenses (itemize) 

Reprints and publishing 

Computer 

Travel 


D. Permanent equipment (itemize) 


2) E. Indirect costs (15% of A+B+C) 
15. Estimated future requirements: 


Sub-Total for B _$ 4 > Q Q Q 


$ 500 

$1,000 
$ 500 

Sub-Total for C 

$2,000 

% 

Running Total of A + B + C 

• 

$26,140 

o 

8 

J3 

cr> 

Sub-Total for D 

$26,140 

. s ■ 

E* 

Total request 

$ 3,921 

$30,061 




Salaries 

Consumable Suppl. 

Other Expenses 

Permanent Equip. 

Indirect Costs 

Total 

Year 2 

$21,147 

$4,200 

$2,000 

0 

$4 .102 

S3T.444 

Year 3 

$22,207 

$4,400 

$2,200 

0 

$4,321 

$33,128 


Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 
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livV i 16. Other sources of financial support: 

: *V$£>te{ ■ " h L«t financial support from all sources, including own institution, for this and related research projects. 


mw c 

•:• •; ■>'; r-. , > 


Title of Project 


CURRENTLY ACTIVE 
Source 

(give grant inumbers) 1 


Inclusive 

Dates 


V> r v," . * - 

I ' . 


| | 444. 

! | 

{*4**^# 

! ,vs4'^ 

’ ••■ ■<••- ‘ •-** 

• -• i’u - . SO* 


Title of Project 


Health Surveillance 


PENDING OR PLANNED 

Source 

(give grant numbers) 


Inclusive 

Dates 


Triborough Bridge and $70,000 1/24/72-1/24/76 

Tunnel Authority per year 


•Jr :C..- • \'X 

Bf -■ 1 




It is understood thai the investigator and institutional 
officers in applying for a grant have read and accept 
the Councils "Statement of Policy Containing Conditions 
and Terms Udder Which Project Grants Are Made." 


Principal investigator 

Typed :Ndm. M, Ayre s, Jl,^ 

Signn«nra^y^^2-7tvi--^il^/VOl^Pdte 

Telephone_§1 ?_Z.S.8.- 617 Z.- 




Checks payable to 

Q St. Vincent Hospit al_ 

Mailing address for checks 

25 Winthrop Street _ 

Worcester, Massachusetts 01610 


^ ; ’?vf i .. . _ 


• V ’SB*^ . i ! <• . » : 


r <! yF4 r’ A ‘^. v 


Responsible officer of institution 


Typed Name Miss Helen Marie Smith. 


Executive Director 


Signature- 
Telephone . 


Jl^ Date L2L 


798-6066 




, ..... —~:V- ... rv- 
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Publications: 


Ayres, Stephen M., Mueller, Hiltrud S., Gregory, John J. , 
Giannelli, Stanley, Jr., and Penny, John L.: Systemic 
*and myocardial hemodynamic responses to relatively small 
concentrations of carboxyhemoglobin (COHB). Archives of 


Environmental Health, Vol. 18, April 1969. 


Ayres, Stephen M., and Buehler, Meta E.: The effects of 
urban air pollution of health. Clinical Pharmacology and 
Therapeutics, Vol. 11, No. 3, May-June 1970. 



Ayres, Stephen M. , Giannelli, Stanley, Jr. and Mueller, „ 
Hiltrud: Myocardial and systemic responses to carboxy- ' 
hemoglobin. Annals of The New York Academy of Sciences, 

Vol. 174, Article 1, October 197 0. . : 


Ayres, Stephen M., Giannelli, Stanley, Jr., and Mueller, 
Hiltrud: Carboxyhemoglobin and the access to Oxygen. An 

example of human counterevolution. Archives of Environmental 
Health, Vol. 26, January 1973. -• ~V: 






Ayres, Stephen M. , Evans, Robert, Licht, David, Griesbach, ’ 
Jane, Reimold, Felicity, Ferrand, Edward F. and Criscitiello,' 
Antoinette: Health effects of exposure'to high concentrations 

of automotive emissions. Studies in bridge and tunnel workers 
in New York City. Archives of Environmental Health, Vol. 27, 
September 1973. 
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of Automotive Emissions 

Studies in Bridge and Tunnel Workers in New York City 

Stephen M. Ayres, MD; Robert Evans; David Licht; Jane Griesbach; 

Felicity Reimald; Edward F. Ferrand, PhD; Antoinette Criscitiello, RN, MA t New York 
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c. 


v On-site and remote health evaluations 
were performed on 550 employees of the 
Triborough Bridge and Tunnel Authority in 
New York City. Extremely high ambient air 
pollution was observed. Carbon monoxide 
averaged 63 ppm over a 30-day period with 
a maximum hourly concentration of 217 
ppm in one facility. Eighty-five percent of 
the smoking and 47% of the nonsmoking 
tunnel workers had carboxyhemoglobin 
saturations in excess of 3%. A high per¬ 
centage of the group had symptoms 
suggestive of chronic bronchitis; airway 
resistance was elevated in one third and 
almost all bridge and tunnel workers had 
an increase in closing volume, suggesting 
small airway disease. 

A utomotive pollution produced by 
uncontrolled emissions from 
multiple mobile sources has rapidly 
become the major air pollution prob¬ 
lem in most urban areas. Carbon 
monoxide, nitrogen oxides, hydrocar¬ 
bons, and oxidants are generated in 
large volume by the internal combus¬ 
tion engine and are all potentially 
hazardous to human health. The lack 


Submitted for publication June 29, 1973; ac¬ 
cepted July 2. 

From the departments of medicine, St. Vin¬ 
cent's Hospital and New York University School 
of Medicine, New York. 

- o before the Air Pollution Medical Re- 

*:i icarch Conference of the American Medical As- 
•ociation, Chicago, Oct 3, 1972. 

Reprint requests to Department of Medicine, 

* w- ^‘ ncents Hospital and Medical Center, 25 
^ WinthropSt; Worcester, MA 01610 (Dr. Ayres). 
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of systematic epidemiological obser¬ 
vations and the ethical difficulty asso¬ 
ciated with large scale experimental 
exposure have prevented identifica¬ 
tion of precise dose-response relation¬ 
ships. A group of recent studies has 
suggested that carboxyhemoglobin 
concentrations in excess of 5% may 
induce myocardial ischemia in sub* 
jects with coronary artery disease 1 * 3 
and long-term breathing of nitrogen 
dioxide concentrations averaging 2.9 
ppm has been shown to produce sig¬ 
nificant pulmonary abnormalities in 
laboratory animals. 4 The aggregate 
effect of automotive pollution on 
human health was clearly demon¬ 
strated by Aroriow et al 5 who exposed 
ten patients with angina pectoris to 
90 minutes of Los Angeles freeway 
traffic. Carboxyhemoglobin satura¬ 
tion rose from 1.12% to 5.08%, four of 
the subjects developed electrocar¬ 
diographic abnormalities, and the 
average time to develop angina with 
treadmill exercise fell from 249.4 to 
174.3 seconds. The amount of exercise 
required to produce angina was sig¬ 
nificantly lower than control two 
hours later, when carboxyhemoglobin 
concentration had fallen to 2.91% 
saturation. 

Bridge and tunnel workers, police¬ 
men, taxi drivers, and others com* 
prise an unwitting but useful test 
population. Exposed daily to high 


concentrations of automotive pollu¬ 
tants, they might be considered an 
exaggerated model of the environ¬ 
mental stresses experienced by many 
other city dwellers. Differences be¬ 
tween industrial and community air 
pollution exposures blend as the 
commuter travelfc each day through 
congested tunnels and highways. 
While an eight-hour tour of duty is 
considered an occupational exposure 
to the tunnel workers, a two-hour dai¬ 
ly traffic period for the New Yorkers 
is generally considered a problem of 
community air pollution. Obviously, 
rigid distinctions between occupa¬ 
tional and community exposures are 
arbitrary, and it is likely that envi¬ 
ronmental and occupational air 
quality standards will ultimately be 
similar. 

The interest of the Bridge and 
Tunnel Officers Union and the Tri- 
borough Bridge and Tunnel Authori¬ 
ty in the problem of automotive pollu¬ 
tion has provided a unique opportu¬ 
nity to study the effects of automotive 
pollutants on human health. A three- 
year study of all nonadministrative 
employees of the Authority was initi¬ 
ated in 1970; this article details infor¬ 
mation collected during the first two 




v. - 

. -.‘v '' 






years of observation. An extensive 
program of toll booth air purification 
was completed during the early 
months of the second year of study* 

1003539969 Automotive Emissions/Ayres et at 
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Tiik Council For Tobacco Rkskakcii-U.S.A., Inc. 



February 13, 1974 


Grant application No. 764c 
CHRONIC PULMONARY DISEASES 


To: The committee comprising Drs. Gardner, Liebow and Wyatt 

Subject: Charles G. Cochrane, M.D., Scripps Clinic and Research Foundation', 

LaJolla, California 
Continuation application No. 764c 
"The Mediation of Inflammatory Injury of Tissue” 


History 

CTR has supported this study since 1970. 

Last year Dr. Cochrane submitted a three-year request at approxi¬ 
mately $38,000 per year. A terminal grant for one year at $11,000 was 
offered and accepted on that basis. ' . 

Hence the enclosed proposal competes without commitment. 


Request 

Application No.- 764 c requests $16,560, for one year only. 


Document Submitted 

Enclosed is application dated February I, 1974, incorporating 
summary progress report. 


FWNrgh 

Enels. 
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The Council For Tobacco Research -U.S. A., Inc. 

[;■ feb? 


110 EAST 59th STREET 
NEW YORK. X. Y. 10022 
(212) 421-8885 


1974 


1 


r 


Application For Renewal of Research Grant 
(Use extra pages as needed) 

First Renewal ^ Second Renewal □ 


.u 

Date: February 1, 1974 


1. Principal Investigator (give title and degrees): 

Charles G. Cochrane, M. D. - Member 


2. Institution & address: 

Scripps Clinic and Research Foundation 
476 Prospect Street 
La Jolla, California 92037 

3. Department(s) where research will be done or collaboration provided: 
Experimental Pathology 



4. Short title of study: 

The Mediation of Inflammatory Injury of Tissue 

5. Proposed renewal:date: July 1, 1974 

6. How results to date have changed earlier specific research aims: 

The enzymatic constituents of alveolar macrophages have been found to activate Hageman factor 
and with it, the intrinsic clotting, kinin forming and fibrinolytic systems. Our attention will now 
be directed toward analysis of the enzymes involved and their mechanism of release from the 
alveolar macrophages. In addition. Dr. John Craighead (personal communication) has observed 1 
kaolin in alveolar macrophages of smokers. Since kaolin is an excellent activator of Hageman 
factor, we will determine the relationship of aerosolyzed, inhaled kaolin, alveolar macrophages 
and pulmonary inflammation. 


7. How results to date have changed earlier working hypothesis: 
Earlier hypotheses have not changed. 
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8. Any additional facilities now required? Describe briefly: 



No new facilities are required. 



9. Any changes in personnel? Append biographical sketches of new key professional personnel: 


10. Append outline of experimental protocol for ensuing year. 

11. List publications or papers in press resulting from this or closely related work, (append reprints or manuscripts 
not previously sent)* 

1. Cochrane, C.G., Revak, S. D. and Wuepper, K. D., Activation of Hageman factor in solid 
and fluid phases. A critical role of kallikrein. J. Exp. Med., 138 : 1564, 1973. 

2. Wuepper, K. D., Prekallikrein deficiency in man. J. Exp. Med., 138:1331, 1973. 

3. Henson, P. M., Mechanism of release of granule enzymes from human neutrophils phagocytosing 
aggregated immunoglobulin: An EM study. Arthritis and Rheum., 16:208, 1973. 

4. Cochrane, C. G., Revak, S. D., Aikin, B. S. and Wuepper, K. D., The structural characteristics 

and activation of Hageman factor. In Inflammation, Mechanisms and Control, (Lepow and 
Ward, eds). Academic Press, 1972, p. 119. 

5. Wuepper, K. D., Biochemistry and biology of components of the plasma kinin forming system. 

In Inflammation, Mechanisms & Control, (Lepow and Ward, eds), Acad. Press, 1972, p. 93. 

(continued) 

12. Summary progress report (append in standard form as separate document, unless recently submitted). 

Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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11. Publications (continued) 


6. Johnston, A., Cochrane, C. G. and Revak, S. D., The relationship of Pf/dil and 

activated human Hageman factor., J. Immunol., 112: 1974. 

7. Ulevitch, R., Letchford, D. and Cochrane, C. G., A direct enzymatic assay of 
activated Hageman factor. Thrombosis et Diath. Hemorr., March, 1974. 

8. Russell, S. and Cochrane, C. G., Cellular events associated with regression and 
progression of murine (Moloney) sarcoma in mice. Int'l J. Cancer, March, 1974. 
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10. Appended outline of experimental protocol for ensuing year. 



C 



A. Experimental activation of the intrinsic clotting, kinin forming and fibrinolytic 
systems in lung . Alveolar macrophages will be isolated from lungs of rabbits 
by lavage (Brain et al. Arch, of Int. Med. (26:477, 1970), a technique already 
employed in this laboratory, and the granules obtained by disruption of the cells 
in hypertonic sucrose. After lysis of the granules, the constituents will be assayed 
for their capacity to activate Hageman factor over a range of conditions of pH, 
temperature and ionic strength. Since Hageman factor,activated by enzymes such 
as plasmin or kallikrein is cleaved in the process, a similar effect of the granular 
constituents of alveolar macrophages will be examined. This will define the 
mechanism of activation as fluid phase rather than solid phase (i.e., when Hageman .. 
factor binds to negatively charged surfaces such as that provided by alveolar 
membranes). The implication would be that clotting of plasma, and release of 
kinins and plasmin would occur in the fluid of the alveolar spaces, thereby 
provoking a diffuse reaction. 

The granular constituents of the alveolar macrophages will then be fractionated 
on DEAE Sephadex A50 under conditions of constant pH and varying salt concentration. 
Enzymes or other activators of Hageman factor will be measured and isolated and 
identified through additional chromatographic and physical methods. 

To determine the rate and extent of activation of Hageman factor and its related 
components (prekallikrein, clotting factor XI and plasminogen), these proteins will 
be radiolabelled and injected intravenously in rabbits. The disappearance from 
the circulation and accumulation in alveolar tissues and lavage-washings will be 
measured quantitatively. By SDS acrylamide gel electrophoresis under reducing 
conditions, activation of the Hageman factor, prekallikrein, plasminogen and 
factor XI will be determined since the molecules are cleaved during fluid phase 
activation (J. Exp. Med., 138: 1564, 1973). These measurements will be made in 
rabbits receiving various forms of pulmonary injury: 1) rabbits will be injected with - - 
goat antibody directed specifically to basement membrane of lung to induce injury; 

2) rabbits will be exposed to aerosolyzed finely particulate kaolin. Dr. Paul Gross 
has expressed willingness to help in these experiments; 3) immunologic complexes 
of bovine-albumin(BSA)-anti BSA will be prepared in an excess of antigen 
(J. Exp. Med., 118:489, 1963) and injected intravenously. These complexes 
deposit in the pulmonary vasculature and induce acute inflammation involving 
complement, neutrophils and platelets; 4) IgE mediated active systemic 
anaphylaxis will be produced in rabbits which causes release of vasoactive amines 
both intravenously and from the mast cells of the pulmonary beds. 

In each of these experimental conditions the following examinations will be 
performed: 

1. Careful histologic examination of the inflammatory reaction in the lung. 

2. Fluorescent antibody localization of Hbgeman factor and kallikrein in the 

tissues. The presence or absence of fibrin will also be determined. 

3. Kinetic analysis of the disappearance of radiolabelled components from the 

circulation as noted above. 












> >k i' 




Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 





1003539975 




3'c 

loT'"Appended outline of experimental protocal for ensuing year (page 2) 


4. Accumulation of radlolabelled components in the pulmonary bed as compared 
with accumulation in other organs. 

5. Analysis of the component molecules with SDS acrylamide gel electrophoresis 
to detect cleavage and thereby evidence of fluid phase activation. 

These experiments are directed at the mechanism of activation of Hageman factor 
and Its related systems in pulmonary inflammatory disease. Solid phase (localized) 
activation of Hageman factor will be detected by fluorescent antibody techniques 
and fluid phase (diffuse) activation by analysis of cleaved Hageman factor in the 
lavage fluid. It must be emphasized that these events may be of great importance 
in the injury of lung, the deposition of fibrin and stimulation of collagen formation. 
Perhaps the best studied parallel to this series of events is found in glomerulonephritis 
where sclerosis of the glomerulus may be directly related to the deposits of fibrin in 
Bowman's space. 

B. Activation of Hageman factor and its related systems by human alveolar macrophages. 

1. Using alveolar macrophages obtained from the pulmonary division of the 
Department of Medicine, University of California, San Diego, constituents capable of 
activating members of the Hageman factor systems will be sought along lines similar 

to those noted above in the rabbit studies. The cells will be provided by Drs. J. Clausen 
• and Anthony Catanzarro under collaborative studies already established. 

2. Following the observation by Craighecd and his associates, we will determine if 
kaolin particles are present in the macrophages by electron microscopy and if the 
presence of kaolin is associated with smoking. Acc or ding to Craighead, a potential 
s ource of the kaolin is the tobacco leaves whic h are apparently dried with kaoli n as a 
drying agent . The macrophages will be lysed in MaOR, and the particles’isolated and 
tested for their ability to bind and activate 125 I human Hageman factor. This is a - 
property of kaolin that can be measured with exquisite sensitivity. Hageman factor 
already bound to the particles obtained from the macrophages will be sought in 
addition, although the liklihood of this is poor since the phagocytized particles would 
almost certainly lose bound proteins. 

In addition, normal alveolar macrophages will be exposed to kaolin in the 
presence of 125 j Hageman factor. Release of activated, cleaved Hageman factor 
will be measured using acrylamide gel electrophoresis in order to determine the 
extent of fluid phase activation of Hbgeman factor occurring during the phagocytic 
process. This will shed light on potential diffuse release of injurious mediators. 


o 
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v 12^Summary progress report. 




1. Structural studies of Hogemon factor, the first component of the intrinsic clotting, 
kinin forming and fibrinolytic systems . ~ 

Hageman factor was found to be activated by two mechanisms. The first, 
occurring in solid phase is induced by molecular conformational changes associated 
with the binding of the molecule to negatively charged surfaces. Such insoluble 
materials as kaolin or vascular basement membranes and collagen serve to bind and 
activate Hageman factor. Preliminary evidence indicates that cut sections of 
pulmonary tissue also bind Hageman factor. In the second method of activating 
Hageman factor, enzymes derived from plasma and tissue serve to activate the molecule 
in fluid phase. Kallikrein, plasmin, factor XI and enzymes derived from alveolar 
macrophages were all found active in this regard. In fluid phase activation, Hageman 
factor is cleaved into fragments of 52,000, 40,000 and 28,000 MW. The 28,000 MW 
fragment bears enzymatic activity, and in turn is responsible for the activation of 
prekallikrein and factor XI of the intrinsic clotting system. 

In order to obtain significant activation of the three systems, prekallikrein 
• was found to be essential. In its absence, Hageman factor in plasma would not trigger 
the intrinsic clotting and fibrinolytic system to a degree adequate for measurement. 
These studies were made possible by the identification of a plasma obtained from 
individuals genetically deficient in prekallikrein - the so-called Fletcher trait plasma. 
Studies in this laboratory identified the missing factor as prekallikrein (1 , 2 ). 




2. Mechanisms of release of granule enzymes from human neutrophils phagocytosing 
aggregated immunoglobulin. 

The reaction of human neutrophils with immunologic complexes or aggregates 
was found to depend upon specific surface receptors. If the aggregates were of a 
suitable size, phagocytosis ensued; particles were engulfed and granules released 
into the phagocytic vacuole. A proportion of potentially injurious granule 
constituents, however left the neutrophil through mechanisms which do not involve, 
cell lysis but appear to be a consequence of the normal degradation phenomenon. 

Thus, if for any reason the vacuole was, or later became, open to the outside, there 
was extracellular release of the granules' enzymes. By means of electronmicroscopy, 
four possible mechanisms were demonstrated which might morphologically account for the 
escape of vacuolar contents from human neutrophils phagocytosing aggregated y-globulin 
According to the data, there was no release of lactic dehydrogenase and the cells 
were not lysed . Extrusion of granules seemed to occur primarily into vacuoles. Such 
vacuoles, however, occasionally had direct access to the exterior, as for example: 

(1) when they apparently opened to allow additional material to be ingested; (2) when 
they remained connected to the exterior by a narrow slit; (3)'when two cells were 


involved in phagocytosis of a single particle (aggregate); (4) when extrusion of 
granules preceded the complete closing of pseudopods around the aggregates. 
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13. Budget for the coming year: 

A. Salaries (give names or state "to be recruited") % time Amount 

Professional (give % time of investigator(s) 

4? even if no salary requested) 



Charles G. Cochrane 
Peter M. Henson 
Stephen W. Russell 


20 

20 

50 


- 0 - 

- 0 - 

9,000 


Technical 

Part time services of animal caretaker and dishwasher 2,500 


B. Consumable supplies (by major.categories) 
Chemicals, proteins 
Glassware, plasticware 
Animals, feed and bedding 


Sub-Total for A $11,500 

1,000 

900 

1,000 


C. Other expenses (itemize) 


Sub-Total for B 


2,900 


none 


Sub-Total for C 


Running Total of A 4- B 4- C $14,400 

D. Permanent equipment (itemize) 

none - 



E. Indirect costs (15% of A+B+C) 


Sub-Total for D 

E 


Total request 


_$Z,J60: 

$16,560 
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;;...v iCOther, sources of financial Isupport: 

•. ^ ... 'Skr xiiniV"'’ _ ^ financial support from all sources, including own institution, for this ond reloted research projects. 

■ v.C- 

v. ••; • .< •. ' n 4 44 •'■■ CURRENTLY ACTIVE 

• ..l \*» * \ .f • r : - : < ' ■«■• • 

- ' f.. . i; 7 Source Inclusive 

^ ‘ : - ‘ THlfc of Project (give grant numbers) Amount Dates 

; c fr< '• • I 

-''7 V .f.;; v;" • . • I 

u Immunologic Studies United States Public Health $150,000 | 1974-197 

-^v,4fV^ -vjv-’ Service 

* 1 • ' Ttitt MorlintTnn of _ * . _ . _ . e^-ws 



CURRENTLY ACTIVE 



Source 


Titli of Project 

(give grant numbers) 

Amount 

Immunologic Studies 

United States Public Health 
Service 

$150,000 

The Mediation of 

Inflammatory Injury of Tissues 

Council fon Tobacco Research 

$16,500 


Title of Project 


PENDING OR PLANNED 
Source 

(give grant numbers) 


Inclusive 

Dates 




. V ■ 

;V ; * • 

<v -V.:: 


It is understood that the investigator and institutional 
officers in applying for a grant have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made." 


Checks payable to 

O. K. Kincaid^ Jr, _ 

Mailing addtess for check; 

Scripps Clinic and Research Foundation 
476 Prospect Street, La Jolla, CA 92037 


Principal investigator 


Typed Name Charles G. Cochrane, M. _D_. _ 

Signature I'Mu C i Date Feb. 2, 19 74 

(714) 459-2390 x-306 

Telephone 


Responsible officer of institution 

Typed Name Frank J. Dixon, M. D. _ 

Tjt(e Chairman, Biomedical Research Departments 


Signature 

Telephone 


\aaJv A Dote Feb, 4, 19 74 

(714) 459-2390 _ 365 

Area Cod* Number Intention 


>** a/"' 


.-V"v4 ’ h* ‘ . >■'/' "4'.' • • J; ‘ ■. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnll0Q00 
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The Council For Tobacco Research -U.S. A., Inc. 



January 25, 1974 

Grant application No. 954 

CHRONIC FUIMOHARY DISEASES . • 

To: The committee comprising Drs. Gardner, Liebow and Sommers 

Subject: Allen Barry Cohen, M.D., Ph.D., University of California Service, 

San Francisco 

New application No. 954 

"The Genetic Defect in Alpha-1-Antitrysin Deficient Patients” 

History * 


Dr. Cohen's current CTR grant ’’Human Alveolar Macrophages and 
Emphysema" ends March 31, 1974. The enclosed application is submitted as 
a "new” proposal and is indeed a different project. 

Application #954 requests $46,045 for the first year. IVo 
succeeding years are estimated at $59,152 and $63,215. This increase is 
defended in "BUDGET COMMENTARY'', page 6 of the application. 

Dr. Cohen requests an April 1, 1974 starting date, to coincide 
with termination of his current CTR grant. 

Document Submitted 


Attached is application dated January 10, 1974: 22 pages plus 
CV and publications of Drs. Cohen and Lo. 

Comment 


Enclosed is a copy of Dr. Gardner’s memo dated July 25, 1973 
on his July 12 site visit to this grantee. 


FWN:gh 


Enel. 




K’ - 


Source: https://www.inaustrydocuments.ucsf.edu/doc s/hnllOOOO 
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The Council For Tobacco Research-U.S.A., Inc..__ 




•mm? 


110 EAST 59TH STREET 
NEW YORK, N. Y. 10022 
(212) 421-8S85 

Application for Research Grant 
(Use extra pages as need.ed) 


1. Principal Investigator (give title and degrees)! 

Allen Sarry Cohen, M.D., Ph.D. 

Assistant Professor of Medicine in Residence 


JAN 2 5 1974 


Dotej 

January 10, 


1 *r 

44m 

1974 




t ^ 


2. Institution & address: 

University of California Service 
Chest Division 

San Francisco General Hospital 
San Francisco, California 94110 

3. Deportment(s) where research will be done or collaboration provided: 




*4 Department of Medicine 


Short title of study: .. .• . ... 

The Genetic Defect in A1 pha-1 -Antitrysin Deficient Patients 


-: 5. Proposed starting date: /\ppJl 1, 1974 

46. Estimated time to complete: j Years 
^ ^ 7. Brief description of specific research aims: 




•* ? ■ay£,Vv' - 




• ... 


-££ll3$sS&> 


The occurrence of alp’na-1-antitrypsin deficiency in some patients 
with familial emphysema is one of the few clues available to the * : r 

nature of the biochemical processes in human emphysema. The purpose 
of these experiments is to determine the biochemical basis for the 
genetically determined differences between the a>ha-l-antitrypsin of 
normal subjects and that of subjects with the genetic variant of 
alpha-1-antitrypsin which predisposes some of them to emphysema. 

These studies may enable us to determine whether the abnormality in 
alpha-1-antitrypsin is the primary defect in these individuals or 
whether there are other defects as well. In addition, if it can be 
concluded that other defects are likely to exist, this investigation 
may suggest experiments to discover those defects. ^ 

© : 

© • 

■ ■ ' ■ •' '•>- ;i ‘£ >;■ ,r 

• >; - • % 

Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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8. Brief statement of working hypothesis: 


v---- 

;- r : »&!&*$-' 


7-£<& 


The purpose of these experiments is to differentiate betv/een two ’ 

:■ alternative hypotheses: ..• : 

■ V. ■ v - '' ^ ':'V ....:'' v ; • . ■ • - • •«; 

A) The abnormal gene which leads to a deficiency of alpha-1-antitrypsin^ 
in the blood is the structural gene for alpha-1-antitrypsin which codes Mi 
for the al pha-1-anti trypsin polypeptide. ^ ^ 

Wr ; ‘r B) The abnormal gene controls some aspect of alpha-i-antitrypsin 
? other than the primary sequence of amino acids such as the number 
■'•""and type of charged carbohydrate moieties on the molecule. 


■ ’>*-* f •. 

■ ^ -v,r ■■ . 

■ rmKrr = 




WWR'Sr*::. ’ '• • ... \ . '•. ' ■ 

• . . " .. - ;.••• ' •• •' . 

'40- r s : "- 

•v ■ 

‘ ' ' •" ' . ' ' •' 

'^4 : 9. Details of experimental design and procedures (append extra pages as necessary) 

m^;^iPlease see attached pages, beginning at Page 7. 




; 'SS£ 














r w :l - 

VrWH-V -■ 

v- 

. - 

■ * '-.v • ■- 




.»V..v-it • 
& 




•••*- ' : ^** T*^ ' - ywtsaswg !! #^^ 

”-■ v-^/-*#?.%*■ : ''&Z-i~*i ‘-.'• > - r -~ T: '■’*'v -' -.- “ ’” -•.*• *••■ •:'•"■ '•-• ** * .si-*.. '*>••• % y . . ^;’- , • ■'’••' = ’..,£*■>’:'.., : ;,••••-£3•.* - ? * 

^ 1 ''*f? ; . :: ■ r 'V:./ ■ V 1 ' ..'■' •'• ' ■*' - ^^jV-v' V -^f ' - •' . .-• 

• u*.-- r ~ •'<:•■>*- •-• : ■•■';?:/;•■ * v% ; - .,'• . .. • ; ~ .• •> - • ••.. -t-j 

• ~ 10. Space and facilities available (when elsewhere than item 2 indicates, state location): 

Facilities: 

. ;v Laboratories at the San Francisco General Hospital, Building TOO, 

:r,.Room 272 and 273. (Room 272 is on loan for an indefinite time.) 


Soace: 

Room 272 = 185 sq.ft. 


Room 273 = 430 sq. ft. 


Equipment: 

Centrifuges: Sorval RC3, Beckman Model L3-50 preparative 
ultracentrifuge 

Electrophoretic equipment: Immunoelectrophoresis, starch 

block, pevikon block, preparative polyacrylamide 

gel, analytic polyacry1 amide gel, thin layer, 

and two current or voltage regulated power supplies. 

Fraction Collectors: Two ISCO fraction collectors with UV monitors 

_ 0 ■ 

Beckman Kintrac single beam spectrophotometer. 

Radiometer pH Stat and Beckman dH meter 
(list continues on page 3a) 

11. Additional facilities required: 


No additional space required. 

(see Equipment in budget request) 


3 

12. Biographical sketches of investigator(s) and other professional personnel (append): 

See appended curriculum vitae for A. Cohen and T. Lo. 

13. Publications: (five most recent and pertinent of investigator(s); append list, and provide reprints if available). 

See attached reprints. 

Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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Lyophiltzer . • 

Assorted refrigeration equipment and incubators 


Tissue culture hood 


Distillation and rotary evaporation equipment 
Zeiss phase fluorescent photomicroscope 
Isoelectric focusing apparatus 
Hev/1 ett-Packard model 9100 calculator 
Photovolt densitometer 


y^mm 


.'V'<***•■' 




Mettler HT-20 micro balance and Mettler P1200 macro balance . 


■ > f:*# I* 


Water baths 

Other available facilities 








Packard gamma and beta isotope spectrometer (jointly ov/ned W 

with Dr. John Murray) - 

'.■**<■••>*****(. 

Gas-Liquid chromatograph (available from Dr. John Clements) i-iSii;. 

■ • : ^ 

Cold Room Facilities . (shared facilities with viydL. 

other University researchers 

Beckman HP119 amino acie analyzer located at S.F.G.H.) * 


V&fir 








■> ; w* ' . S W, >!4 « m 



14, First year budget: : ' 

: i'/?v A. Salaries (give names or state "to be recruited") 
Professional (give % time of investigator(s) 
even if no salary requested) 


Allen B. Cohen, ii.D., Ph.D. 


Theresa Lo, Ph.D. 



y&Ztfr r’ f rvn'*** t- 


% time Amount 


. 30% -0- 

100 % - 0 - 


Technical 

“to be recruited" 

Staff Research Associate II, Step 2 100% $13,317 


Sob-Total for A $13,317 




B. Consumable supplies (by major categories) 


Enzymes $2000 Ampholytes (25 runs) $ 500 
Substrates $1500 General Chemicals $1500 
Column resins $ 300 Pipettes (vol. & micro) $ 500 
Glassware $1000 Isotopes $ 700 
Miscellaneous laboratory and office supplies $1200 



Sub-Total for B 


$ 9,700 


C. Other expenses (itemize) 

Animals for immunization $2000 

Blood for alpha-l-antitrypsin preps (200 units) $5000 
Publication costs (reprints & page charges) $1500 

Service contracts on equipment $2000 

Travel ($500 for each professional) $1000 

Sub-Total for C _ $11, 50 0 


Running Total of A + G + C _ $34,5 1.7. 

D. Permanent equipment (itemize) 

ISC0 Fraction collector and monitoring system $3300 
Fluid pumps (2) $ 800 

Haake Model FK water bath with heating, cooling, 

and external circulation $ 750 

American Instruments Co. fluorocolorimeter $1500 


3 


E, Indirect costs (15% of A+B+C) 


15. Estimated future requirements: 


Sub-Total for D 
E 

Total request 


$6,350 

$5,173 

$46,045 



O 

o 

CJ 

cn 

CO 

00 


Salaries Consumable Suppl. Other Expenses Permanent Equip. Indirect Costs Total 


Year 2 

o 

CVJ 

10,475 

11 ,950 

1500 (mi sc.) 

7520 

$59,152 

Year 3 

29,862 

11,313 

12,425 

1575 

3040 

$63,215 


Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 











16. Other sources of finoncial support: 

List financial support from all sources, including own institution, for this and related research projects. 


Title of Project 

The role of the human 
alveolar macrophage in 
the production of emphy 
sema 

Alpha-l-antitrypsin: 
Does it inhibit an 
enzyme which causes 
emphysema? 


CURRENTLY ACTIVE 


Source 

(give grant numbers) 

Amount 

Council for Tobacco 

10,348 

Research-USA, Inc. 

16,407 

12,487 

45,742 

usphs, .mi 

32,635 

HL 14201 

34,265 


April, 1971 
to 

March, 19 74: 


to 

June, 1976 


Title of Project 

The genetically deter¬ 
mined bi ocheni cal' 
defect in patients with 
emphysema and alpha-1- 
antitrypsin 


PENDING OR PLANNED 


Source 


(give grant numbers) i 

Amount 

USPHS, NHLI 

80,000 

HL 06285 


item #1 regarding this 

grant.) 


Inclusive 

Dotes 


July, 1975 
to 

July, 1982 


It is understood that the investigator and institutional 
officers in applying for a grant have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which : Project Grants Are Made." 


Principal I investigator 

Typed Name Allen 3. Cohen, M.D. , Ph.D. 

Signature C. 'C -(P L_ Dole Ll-L Q— ‘2J. 

Telephone 415 648-8200 ext . 273 or 5 27 

Ar*a Cod* Nv«nb«r, Extension 


Telephone_ Z 1 D _! 

Ar,a Cod* 

Responsible officer of institution 


Checks payable to Responsible officer of institution 

/ Regents of the University of Cal i f. Typed Name Ms. Sue Clark _ 

, Program; Coordinator 

Mailing address for checks Title_ jj_l .f_t S & Endowments 

1487 Fourth Avenue _i 

Telephone 415 _6 


<r '* " 

>, ? San Francisco, Calif. 94143 

#■'*“' "I* ‘V • v. 

it, . , y.V'w .. ■ * 


Dale 


-SSWRgS 


. • *■ jv ; • ’ , . 3 & * 'r- 

1 ' • ■ ■■■■ .. r 

Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 


Assecscoo? 







; * ¥$$$& 
f 3£<& 

.afcs&i 

•im 

• ’V: *►«:<$». IP 


. V,W:*' 
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BUDGET COMMENTARY 


1. As shown on page 5 of the application, a grant submitted 
to the national Institutes of Health is pending. The grant is 
similar to this application but would start one year later if ; 

It is awarded. If both grants* are funded to the extent requested, 
the renewal of the Tobacco Research Council grant will not be. 
requested for the second and third years. 

2. On his site visit last Fall, 1973, Dr. Gardner said that 
those investigators working on an April 1st grant year could be 
awarded grants beginning April 1st. If this is possible, I would 
appreciate having the April 1st starting date, with appropriate 
adjustment to the 12 month budget submitted. 

3. Dr. Theresa Lo's salary will be paid by a Cardiovascular 
Research Institute Postdoctoral Traineeship until July, 1975. 

After this date Dr. Lo will continue to work as part of our 
permanent staff. During the entire time the experiments described 
In this protocol will occupy her full time. However, it will be “ 
necessary to pay her salary from this grant subsequent to July, 

1975, and this is included in the Year 2 salary budget (salary, 

$11,325 plus staff benefits, $1,699 * total $13,024). 

4. Fraction Collector and Monitoring System: This laboratory 
utilizes two fraction collectors nearly full time. In order to 
perform the numerous peptide and heterosaccharide separations 
required by the protocol, another fraction collector and monitor 
will be necessary. The equipment requested in this application 
Interfaces with our existing fraction collectors and monitors *r;‘ 
from ISCO. They were sdected because the dual beam optical unit 
has the sensitivity which will be required for the small amounts 
of ZZ protein which will be available and because the optical unit 
also reads absorbance at wave lengths necessary for monitoring 
ninhydrin reactions. 

5. FIuoro-colorimeter: This Instrument is necessary for 
measuring! the extremely small amounts of protein from thin layer 
chromatograms, polyacrylamide gels, etc. With this instrument, . 
using the method of Bohlen and his colleagues (Arch, of Biochem. 

155:213, 1973), proteins, polypeptides, or amino acids can be v 

measured in the nanogram range. In addition, quantitative analysis 

of dansylated amino acids is possible. v: ; 






v '&i 
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Source: https://www.industrydocuments.ucsF.eau7aocs7nrillOOOO" 




9, Details of experimental design and procedures. 

THE GENETIC DEFECT IN ALPHA-1-ANTITRYPSIN DEFICIENT PATIENTS 

Allen B. Cohen, M.D., Ph.D. 



A). Background and rational : AAT deficiency is a genetically controlled . 
disease characterized by a predisposition to pulmonary emphysema and low levels 
of AAT in the blood. AAT is an alpha-l-globulin in serum which inhibits trypsin, 
chymotrypsin, porcine pancreatic elastase, plasmin (1), thrombin (2), proteases 
from human neutrophils (3) and human alveolar macrophages (4). The protein has 
a molecular weight of 52000 (1) contains 2, half-cystines per mole., and proba¬ 
bly has one polypeptide chain (5). In 1965 Gross and his colleagues demon¬ 
strated that an emphysema-like.pathologic appearance developed a short time 
after the injection of papain into the tracheas of guinea pigs (6). Erikson 
(7) suggested the hypothesis that proteolytic enzymes from granulocytes and 
macrophages may destroy the parenchyma of the lung in AAT deficient patients 
because these enzymes are not adequately inactivated. Most research on the 
etiology of emphysema in AAT deficient patients has focused on this hypothesis.. 
However, many important alternative possibilities have been bypassed' even though 
there was no scientific reason to exclude them. The purpose of this protocol is 
to explore some of these possibilities by attempting to determine which protein 
-is coded for by the abnormal gene in patients with this disease. 



Studies of the genetics of AAT deficiency were made possible by the ex¬ 
periments of Fagerhol who developed a method of acid starch gel-immunocrossed 
gel electrophoresis for demonstrating that AAT differed qualitatively as well 
as quantitatively in patients with this disease (8). This qualitative difference 
is demonstrated by electrophoresing serum in low pH buffers in hydrolyzed starch 
blocks. The strip of starch containing the alpha-l-globulins is removed and 
placed on a thin slab of agar on a glass plate. The agar is made up with alka¬ 
line buffers and contains antibody against AAT. The alpha-l-globulins are 
electrophoresed across the agar gel and the alpha-l-antitrypsin precipitated in 
a pattern of peaks which characterizes the phenotype of the individual. The 
results of these studies were compatible with the hypothesis that the phenotype 
of AAT is controlled by a series of codominant alleles and the genes from both 
parents are expressed in the phenotypic pattern (8). The-phenotypic pattern 
designated pi type (proteinase inhibitor type) MM, characterized by 6 peaks, ,is 

■V' " : 1003539989 


Afterlife 



Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 






manifested by the alpha-1-antitrypsin from most people and the phenotype pi AA, 
characterized by 4 peaks, is manifested by AAT from individuals who developed 
emphysema at an early age (6,9,10). The relationship of other phenotypes to 
lung disease is not proven, and therefore, they will not be studied in these 
experiments. '• 

While the differences between the electrophoretic patterns of AAT from 
Individuals with Pi types MM and ZZ have been clearly shown, the functions of 
the gene which causes the differences between these two electrophoretic patterns 
have not yet been determined. (In the ensuing discussion two types of hetero- 
geniety of AAT will be examined: heterogeneity between individuals of different 
phenotypes, and heterogeneity within a single person. The first type of hetero¬ 
geneity is the subject of this protocol, and the second type of heterogeneity 
will be examined only to the extent necessary to determine the structural basis 
of the differences between phenotypes.) An understanding of the structural 
differences between AAT of different phenotypes may suggest the function of 
the abnormal protein. For example, if MM and ZZ protein differed only by a 
specific carbohydrate moiety, then the defective gene may code for a sugar 
transferase which adds sugar moieties to the completed polypeptide. This 
possibility was suggested by the experiments of Bell and Carrell (11). These 
Investigators showed that during digestion of MM protein with neuriminidase, 
the phenotype of MM protein passes through a phase in which it resembles the 
ZZ protein on acid starch gel-immuno-crossed gel electrophoresis. They suggest 
that a sialic acid transferase deficiency in the cells which produce AAT may 
cause the difference in phenotypic pattern between the two proteins. Such a 
change in the carbohydrate portion of the AAT molecule could explain other 
observations made in AAT deficient patients. An alteration in the carbohydrate 
could produce a protein with a genetically controlled change in electrophoretic 
microheterogeneity similar to the heterogeneity seen in AAT. Schmid et. al. 

(12) showed that similar electrophoretic heterogeneity was caused by sialic 
'acid residue in alpha-1-acid glycoprotein. Since some glycoprotein chemists 
have suggested that the carbohydrate moiety is critical to the transport of 
proteins from the cells in which they are synthesized (13), and since AAT is 
synthesized in the liver, a defect in the carbohydrate moiety of AAT might also, 
explain why patients whose AAT has the ZZ phenotype have large quantities of 
AAT in their livers as determined by fluorescent antibody techniques (14,15). 

















V-* 

©. 

© 
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© 
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tiy. 


In addition to the possibility of increasing the understanding of the 
biochemical defect in AAT deficient patients, these experiments may suggest 
that AAT deficiency need not be the cause of emphysema in AAT deficient patients. 
If the genetic defect in these patients is an abnormal glycotransferase, or 
glycosidase, then other proteins may also .have abnormalities in their carbo¬ 
hydrate moieties. The possibility of other defects in addition to AAT deficiency 
is suggested in a recent publication by Ward and Talamo (16). They demonstrated 
that patients who have AAT of Pi type ZZ also have a deficiency of an inacti¬ 
vator of ehemotactic factor in their serum. At least three interpretations .... 
of these experiments are possible: 1) there is an additional genetically con- 
trolled protein deficiency in AAT deficiency in AAT deficient patients, 2) . 


jource: ntips:/rwww.indusTryaocuments.ucsf.eau/docs/hnriOOOO 
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the inactivator of chemotactic factor is AAT (preliminary studies by Ward and 

Talamo suggest that the factor is not AAT), 3) -AAT may normally inactivate an 

enzyme which destroys the chemotactic factor inhibitor. If the first of these 

possibilities is correct, there may be a family of proteins which are abnormal . ‘VviM 

in AAT deficient patients, and the abnormalities may all be caused by the protein 

which is coded for by the gene which controls the AAT phenotypic expression. • •;■:?. $£ : 

For example, if a sugar transferase which was coded for by the defective gene 

were not specific for AAT a family of proteins with defective carbohydrate 

chains may exist in these patients. Such a gene could even affect structural ^"3- 

glycoproteins such as lung collagen or elastin directly and result in emphysema 

by this mechanism. 'v^/ 

If, however, it can be shown that MM protein differs from ZZ protein be- 
cause of a point mutation in the structural gene which codes for the primary . ‘ 

sequence of AAT, then it would be likely that any defects in AAT deficient 
patients would' be secondary to the deficiency in AAT since with the exception 
ftof minor ambiguities in the genetic code (17) one structural gene codes for 
only one polypeptide. . ■ ,j\.u .U- 

In summary, AAT in patients with Pi types MM and 11 differs "in two ways, [t,"' 

first those with Pi type 11 have much lower levels of AAT in their blood, and 
second, AAT manifests complex patterns of electrophoretic microheterogeneity 
which are characteristic of the genotype. Any postulated mechanism for pro¬ 
duction of these differences must account for both phenomena. The presence :/ ; : 

of low levels of antigenically cross-reactive material (CRM) in patients with ’ 

Pi type 11 suggests that their genetic defects by the classification of Boyer 
and his colleagues (18). These investigators infer from structural analyses |-fc 
.of human hemoglobin variants and from enzyme variants in microorganisms that O a 

most CRM+- mutations involve only one amino acid residue out of hundreds in a *~© 

typical protein sequence. The difficulty in classifying AAT deficiency in yfi ' X 

this group of CRM+ defects arises when one tries to define a mechanism for . 7* 

the production of a genetically controlled complex pattern of electrophoretic ft) 
microheterogeneity as the result of a substitution of a single amino acid. ^ 

C£. 

The success of these experiments is predicated on the knowledge that the 
gene which causes AAT deficiency also causes, either directly or indirectly, 
a structural change in the AAT molecule, and the hope that the elucidation 
of the basis of the structural differences between AAT from individuals of ■"'••• 

different genotype will suggest the function of the protein coded for by the 
abnormal gene. If the gene codes for the AAT polypeptide, then standard methods 
of protein biochemistry may lead to the detection of this abnormality, and may 
permit interpretation of the nature of the defect in the AAT structural gene. 

If, however, the gene controls the carbohydrate moiety as in blood group 
specific glycoproteins, then study of the structure of the carbohydrate moiety .-w.hi/.v.y 

may permit insight into the protein which controls the abnormality. These SiuMS 

studies will be similar in many ways to studies which elucidated the genetically 
controlled differences between blood group glycoproteins. 


- * Mill J |lll I 1 u| 111 lliwilj II w VWV* I Ml 1 . v ■ V • w * 1 s. J ** 1 J ' 

^’controlled differences between blood group glycoproteins. 

Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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B). Experimental Design and Procedures : The purpose of this section is to 
describe the experiments which will provide the data necessary to reject either 
hypothesis 1 or hypothesis 2 stated earlier. Since all of the patients with 
Pi ZZ have very low levels of AAT in their blood and almost all of them: develop 
emphysema at an early age, it is likely that some genetically controlled structural 
characteristic of ZZ protein causes the ATT to occur in the serum in low con¬ 
centration. The purpose of these experiments is to determine the basis of the 
structural differences between Mf1 and ZZ glycoproteins. 

, The structures of glycoproteins are probably determined by at least two 
genes (19). One of the genes determines the primary sequence of the amino acids 
tn the polypeptide chain whereas the others are thought to control the hetero¬ 
saccharide structure through enzymes which function as sugar transferases of 
variable specificity. While the microheterogeneity of some proteins and gly¬ 
coproteins has been related to variation in the number of charged inorganic 
groups, desamido forms, or acetylated residues (20), addition of these groups 
has not yet been shown to be under genetic control. Therefore, there are 
three likely possibilities to be investigated: 1) the differences in electro¬ 
phoretic microheterogeneity between MM and ZZ protein are related only to 
differences in the protein moiety, 2) they are related only to differences 
in the carbohydrate moiety, or 3) they are related to difference in both protein 
and carbohydrate moieties. 

Possibility 1 : If MM protein can be shown to differ from ZZ protein only 
by one amino acid and if the amino acid substitution can be related to a 
substitution of a single base in the genetic code (a point mutation), then 
Hypothesis 1 would be proven, unless ambiquity inthe mammalian genetic code 
can be shown (21, 22). In addition, if MM and ZZ proteins differ in their 
polypeptide structure, other genetic mechanisms such as gene duplications, ^ 
gene deletions, etc. or the possibility that heterogeneity is caused by the |S 
action of proteolytic enzymes on precursors forms will be considered. 

Possibility 2 : If, alternatively, MM protein can be shown to differ from § 
ZZ protein by specific types or amounts of carbohydrate moieties only, then & 

it can be suggested that a specific glycotransferase or glycosidase differs (£ 

in the cells which synthesize different phenotypes. To prove Hypothesis 2 CT 

it would be necessary to demonstrate the alteration in the glycotransferase Sfi 

or glycosidase activity in tissues which synthesize AAT. ** 

Possibility 3 : If both carbohydrate and protein moieties were abnormal, 
the nature of the structural differences might suggest a mechanism for pro¬ 
duction of the differences. For example, if the primary sequence of amino acids 
in AAT showed an alteration in an amino acid residue which was the site of 
attachment of a carbohydrate chain, then the differences between phenotypes 
might still be related to a point mutation in the gene coding for the primary 
sequence of amino acids of AAT. ... - : v : X 


. -MM 


••safe 

•c : 

■wm 


lifl 

- - - 










Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 




The two hypotheses cannot be resolved by simply removing the carbohydrate 
from AAT and analyzing the polypeptide and carbohydrate moieties to determine i 
the structural basis for the differences between MM and ZZ proteins. This 1 '4^v 

direct approach to differentiating the two alternative hypotheses is not a . • 
practical approach because the methods for removing carbohydrates from proteins 
are poor and suffer from major inadequacies and complicating side reactions, 
and because there are no simple and well defined methods for sequencing hetero- 
saccharides. Finally, the structural basis for the microheterogeneity within - 
a single phenotype may have to be resolved before the structural basis of the --V 

genetically determined differences between differenct phenotypes can be determined. - 
The approaches necessary to circumvent these problems and some of the factors 
which are expected to complicate the experiments are outlined in the Methods "T 

section. .4^ 


General Methods: Enzyme assays: enzyme reaction rates will be measured 
with a Radiometer pH stat by a potentiometric method when nonchromogenic sub¬ 
strates are employed or with a kinetic recording spectrophotometer when 
chromogenic substrates are employed. Active sites of typsin and chymotrypsin 
will be titrated with p-nitrophenyl-p-quanido benzoate HC1 by the method 
of Chase and Shaw (23). Other enzymes used in analysis will be titrated for 
active sites when reliable active site titrants are available. Concentrations 
of enzymes for which no active site titrants are available will be determined 
by their absorbance at 280 nm. 



Since trypsin and chymotrypsin are stoichiometrically inhibited by 
equimolar concentration of AAT (1) concentration of active sites will be 
determined by titration with these two enzymes. 

Purification of AAT: AAT of MM phenotype will be purified by the method 
of Cohen and Fallat (24). THis method yields sufficient AAT to perform func¬ 
tional studies (25,26). In addition, this is the only published method which 
yields AAT which is phenotypically unchanged from AAT in whole serum (21). This 
characteristic is necessary to the performance of these studies. 

Schema for analyzing the genetically controlled structural differences 
between MM protein and ZZ protein : 

Problem I : Purification of phenotypically unaltered of ZZ phenotypes . 

Methods will be developed to prepare phenotypically unchanged AAT of ZZ 
phenotype. Several methods will be tried:* 1) Method* of Cohen and Fallat (24) 
for preparing AAT of MMi phenotype, 2) Method of Crawford for preparing AAT 
from normal serum, (the integrity of the phenotype has been suggested but not 
documented), 3) antibody affinity columns eluted with thyiocyante (27) (Hydro¬ 
gen ion elution will not be used because of the pH liability of AAT), 4) En¬ 
zyme affinity columns. (While such columns have been unsuccessful when trypsin 
and chymotrypsin were used, our recent investigations of the interaction of . 
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AAT with elastase suggests that the dissociation constant of AAT and elastase 
is higher than the dissociation constant of AAT with trypsin and chymotrypsin 
(26), therefore elution of AAT with a strong inhibitor of elastase such as 
paraoxon will be tried). 

Problem II : Determining the number of different polypeptide chains among 
the components of a single phenotype . ~ ~ " ] 

If each of the component peaks of AAT in a single phenotype from one 
Individual represents a different polypeptide chain, then the biochemical 
differences between MM and ZZ proteins must be analyzed on components from 
each phenotype which have the same polypeptide structure. Therefore, Problem 
II is to determine how many different polypeptide chains there are among 
the components of a single phenotype. 

A partial resolution to this problem may be accomplished by end group 
analysis of phenotypically unchanged, purified MM and ZZ proteins by the 
dansylation method (28). Crawford (5) determined that the only end group 
in his preparation of MM protein was a glutamic residue. Isoelectric focusing 
of the purified protein resulted in a pattern which resembled the MM phenotype 
but the observation was not confirmed by the standard method of Fagerhol 
(18). Two other types of data suggest that the components of a single pheno¬ 
type share the same polypeptide chain. All of the protein in purified AAT 
is active in the inhibition of trypsin and chymotrypsin (24) and each of the 
components share similar antige'nic determinants with each other and with 
components of other phenotypes (8). 

Further resolution of Problem II can be achieved by purifying the com¬ 
ponents of a single phenotype and demonstrating that the amino acid analysis 
of each component is idnetical to that of the other components within the 
error of the method which is about 3%. Since Crawford has shown that a 
pattern similar to the phenotype heterogeneity can be developed with analytic 
isoelectric focusing of purified MM protein it is possible that the components 
can be purified by preparative isoelectric focusing. 

Problem III : Removing carbohydrate side chains. 









Attempts will be made to eliminate the differences between MM and ZZ 
proteins by digesting the purified AAT of each phenotype with enzymes which 
only cleave carbohydrates or amino acid-carbohydrate bonds. If differences 
between MM and ZZ proteins can be eliminated by attacking the carbohydrate 
only, then two further possibilities must be differentiated: 1) there is 
an abnormality in heterosaccharide structure only, or 2) there is an abnormality 
In a serine, threonine, or asparagine residue at a point of attachment of a 
carbohydrate chain in AAT. There are at least three advantages in eliminating 
the differences between MM and ZZ phenotypes with enzymes which act on the Vv 
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carbohydrate moiety only. First, an abnormality in only one of the three 
'carbohydrate binding amino acids could account for the differences between 
MM and ZZ proteins. Second, if a defect in the primary sequence of MT can 
be ruled out, then the type of enzyme used to eliminate the differences 
between MM and ZZ protein may suggest the function of the abnormal protein 
* which is coded for by the gene which controls the AAT phenotypic expression. 
: For example, if the differences are eliminated by neuraminidase, then the. 
abnormal protein in AAT deficient patients is likely to be a sialic acid 
tranferase. Finally, if the differences between MM and ZZ proteins are 
v eliminated by an enzyme which cleaves carbohydrate chains, then an analysis 
•: of the differences between the chains cleaved from MM and ZZ proteins may 


• suggest the function of the abnormal protein coded for by the AAT gene. 




Twp types of sugar cleaving enzymes are of particular interest, neura¬ 
minidase and N-acetyl-alpha-D-Galactosaminidase. Neuraminidase, an enzyme 
which cleaves terminal sialic acid residues from the carbohydrate chains, 
is important because Bell and Carrell (11) have claimed to change an AAT 
protein with MM phenotype as determined by Fagerhol's method (8) into a 
protein with ZZ phenotype by partial digestion with neuraminidase. These 
.investigators have not ruled out the possibility that the modified MM may 
-resemble ZZ only superficially. Further proof would consist of showingthat 
complete digestion of MM and ZZ proteins with neuraminidase would yeild AAT 
which still indentical in acid starch gel. 

Since there is some evidence to suggest that an attack on sialic acid 
residues will obliterate phenotypic differences between MM and ZZ proteins, 
this experiment will be performed first. Ideally, in order to demonstrate 
that phenotypic differences between MM and ZZ protein are due to the car¬ 
bohydrate moiety of AAT, the carbohydrate moiety should be totally removed 
and the phenotypes should then be re-examined. However, cleavages of the 
carbohydrate from proteins is a complicated task. Carbohydrates are attached 
to mammalian glycoprotein by three main types of bonds. In the glycosylamine 
linkage, involving the amide group of asparagine so far only N-acetyl-glu- 
cosamine has been found to be the glycosyl connecting unit (Gly-Mac-Asn). 

The amino sugar linked O-glycosidically to peptide-bonded serine or threonine 
'residues in glycoproteins seems to be invariably N-acetyl-galactosamine 

(29) . The Gly-Nac-As bond is resistant to enzymes in whole glycoproteins 
and to mild acid and alkaline hydrolysis procedures but the 6-glycosidic 
linkage involving the hydroxyl groups of serine and threonine can be cleaved 
In most glycoproteins and to mild acid and alkaline hydrolysis procedures 
but the O-glycosidie linkage involving the hydroxyl groups of serine and 
threonine can be cleaved in most glycoproteins with the enzyme N-acetyl-al- 
pha-D-Galactosaninidase, after the glycoprotein is predigested with neuraminidase 

(30) . Therefore, if the conclusions of Bell and Carrell (11) cannot be 
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verified as outlined above, digestion serially with neuraminidase and N-acetyl- 
alpha-D-Galactosamine will be carried out on MM and ZZ proteins. The phenotypes 
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will then be re-examined to determine if the differences have been eliminated. 

If the single or the dual enzyme digestion of MM and ZZ protein can abolish 
their differences, then experiments will continue with Problem: IV. 

Problem IV: Differenti ation of a primary defect in carbohydrate structure 
from a defect in carbohydrate structure caused by a defection in amino acid 
sequence in AAT . ” " * 

To determine if an amino acid defect exists in MM and ZZ proteins, the 
respective proteins will be cleaved into peptides. The peptides will be 
separated by column chromatographic methods, and amino acid analysis will be 
carried out on the small peptides (see appendix). Special attention will be 
given to carbohydrate containing peptides and the amino acid-carbohydrate 
linkages will be determined. If MM and ZZ differ by a single small peptide, 
isolation and sequencing of the peptide will be attempted by the Edman degrada¬ 
tion method (31). 

O'.. . . 

If only the carbohydrate moieties are abnormal and if the abnormality 
suggests a defect in a specific sugar transferase in the cells which synthesize 
AAT, then the absence of such a sugar transferase will be proven by examination 
of tissues from subjects with AAT phenotypes MM and ZZ. For example, if the 
difference between MM and ZZ proteins is determined only by terminal sialic 
acid residues as suggested by Bell and Carrell, then a sialic transferase will 
be sought in tissues from subjects with AAT phenotypes MM and ZZ. The experi¬ 
ments will be carried out using experimental designs which are similar to 
those of Ziderman. They showed that the genetically controlled differences 
between types A and B blood group substances were determined by difference in 
sugar transferases in certain tissues. Tissues were tested for glycosyl trans¬ 
ferases of approporaite specificity. Both low molecular weight oligosaccarides 
of known structure and macromolecular glyco-proteins were used as sugar acceptors 
nucleotide diphosphate sugars used as sugar donors and the monosaccharide 
component carried the radioactive marked. Finally, it may be possible to con¬ 
vert one phenotype to another with the appropriate sugar transferase, sugar 
moiety, and sugar donor. 

Problem V: Analysis of the biochemical basis for phenotypic differences 
between MM and ZZ proteins if the differences cannot be eliminated by removing 
sugar residues . 

If the differences between MM and ZZ proteins cannot be eliminated by 
glycosidases or glycosaminidases then the*problem of defining the differences 
between these proteins is more complicated. The carbohydrate chains which are 
different will likely be difficult to separate in tact from the protein 
moieties, and' the possible amino acid defects in the primary sequence of AAT 
are not limited to those amino acids which serve as attachment points for the 
carbohydrate chains. > • ■ . v.. , ....... 
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AAT will be cleaved at methionyl residues with CNBr (35). Then in order 
to facilitate further digestion of AAT into peptides, disulfide bonds will be 
reduced with dithiothreitol by the method of Cl el and (36) and S-carboxy : 

methylated (37). At each step peptide fragments will be separated from each j, 
other and the carbohydrate containing peptides will be separated from the non¬ 
carbohydrate containing peptides. Enzymatic digestion will be carried out on 
neuraminidase treated peptides to facilitate complete digestion (38). Enzymes 
which may be used include trypsin, chymotrypsin, papain, subtilisin, etc. 

Those peptides of both classes which are identical between MM and ZZ proteins 
will not be further analyzed. Carbohydrate free peptides from MM protein will 
be separated by ion exchange chromatography (39), analyzed for AA content, 
and matched with peptides in ZZ proteins for differences (see appendix). 
Particular attention will be paid to single amino acid substitutions which could 
be caused by the AAT controlling gene. 



In order to analyze the carbohydrate containing peptides first the peptide 
moiety will be separated from the carbohydrate moiety so that the polypeptide 
can be analyzed by the methods described in the preceding paragraph. Removal 
of the carbohydrate chains from seryl or threonyl bonds will probably be achiev¬ 
able with N-acetyl-alpha-D-Galactosaminidase (40) or by alkaline hydrolysis (41) 
However, removing in-tact heterosaccharide chains from the aspartyl bond is 
more troublesome. Partial acid hydrolysis may have some success (42), however, 
this treatment may also cleave some peptide bonds. 




For isolation of the carbohydrate chains, the peptide will be digested 
away as completely as possible with proteolytic enzymes. Carbohydrates will 
be separated from peptides and free amino acids on ion exchange columns (43) 
or on conconavalin columns (44). The connecting amino acids will be cleaved 
with the enzymes, 4'-L-aspartyl glycosylamine amido hydrolase or acetyl-al- 
pha-D-Galactosaminidase (see appendix) and the connecting amino acid identified 
Further clarification of differences in carbohydrate chains between MM and 
ZZ proteins poses a problem which cannot be solved in advance since there 
are no reliable methods for sequence determination of these chains. Some 
success has been achieved with a combination of gentle acid hydrolysis and 
specific glycosidases, but the methods are not universally applicable (45). 

If the differences between MM and ZZ proteins can be localized to the car¬ 
bohydrate moieties only then another possible approach would be to examine 
tissue from ZZ patients for absences of all the specific sugar transferases 
which are involved with synthesis of AAT. Since AAT contains only hexoses, 
hexosamines, acetyl neuraminic acid, and fucose (46), seeking transferases 
for each of these sugars may be a managable experiment. 
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Appendix 1 

' Hydrolysis of glycoproteins and amino acid analysis : In order to reduce 
the loss of cystine, methionine and tyrosine and artifact information due to 
oxidation of amino acids, amino acid hydrolysis will be carried out by the 
method of Blackburn (47). The protein will be dissolved in 6NHC1 in a pyrex 
container, frozen, then the glass container will be evacuated to below 0\05 mm 
of Hg. The protein solution will then be thawed for degassing, re-frozen, 
and sealed. To reduce the interaction of carbohydrate degradation byproducts 
solutions of glycopeptide will be kept below 0.1%. Samples will be heated in 
an oven at 110°C for 24, 48, and 72 hour'periods, the top of the tube removed 
and the tube will be evaporated to dryness. Before analysis the residue will 
be dissolved in water and brought to pH 6.5 with phosphate buffer and allowed 
to stand for 4 hours to allow oxidation of cysteine to cystine. It will then 
be prepared for application to the amino acid analyzer. 

"v". Analysis of amino acids will be performed on a Beckman HP 119 amino 
acid analyzer equipped with an Autolab integrator using Beckman Spineo AA-15 
resin at a constant temperature of 52°C. Tryptopan will be determined by 
hydrolysis in p-Tolulenesulfonic acid by the method of Liu (49). Methionine 
Will be determined by oxidizing the peptide to methionine sulphoxide by the 
method of Stegeman (50) before analysis. Values for serine and threonine 
will be extrapolated to zero time from the hydrolyzated heated for 24, 48, 

72 hours. Values for isoleucine and valine will be determined by hydrolysis 
for 72 hours. Cystine will be determined on separate paptide samples as 
cysteic acid after performic acid oxidation (51). 

Appendix 2 

Preparation of peptides for mapping : Denatured, reduced and carboxy- 
. methylated MM or ZZ proteins will be cleaved first by cyanogen bromide (35), 
and the purified fragments will be digested with trypsin (52). The peptides 
obtained at each step will be isolated by gel filtration or ion exchange 
chromatography. The theoretical yield of peptides from the procedures would 
be 46. At both steps, attempts will be made to isolate TCA insoluble peptides 
by precipitation with 5% TCA. If TCA insoluble peptides are found, further 
cleavage of peptides may be required by other proteolytic enzymes before 
they are further analyzed. 

Initial separation of peptides will be carried out with anion exchange 
chromatography with Dowex l-x2, using the method of Fantasu (53). The peptides 
will be eluted with a gradient starting with a buffer which is 1% collidine, 

1% pyridine, and 6.25 mM in acetic acid (pH=8.2) and progressive drops in 
Ph until that of 5N acetic acid. Peptides will be further separated on a 
cation exchange column mounted on the amino acid analyzer using Beckman-Spinco 
resin PA-35. The chromatogram will be developed with a Buchler varigrad 
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gradient maker which will employ a starting buffer of 0.2M pyridine acetate 
buffer at pH=3.1, and a second buffer of 2.0M pyridine acetate buffer at pH=5.0 
as described by Jones (39). These methods are first approximation and final 
methods are first approximation and final methods will be determined by experi¬ 
mentation. 


Purification of alpha-D-galactosaminidase : Alpha-D-galactosaminidase 
will be purified from beef liver by the method of Weissman and Hinrichsen 
(40). These investigations achieved a 700 fold purification of the enzyme 
using ammonium sulfate fractionation, column chromatography on DEAE-cellulose, 
and Sephadex'6-150 sequentially. 


Purification of A'-L-Aspartylglycoslyamine amido hydrolase (AAH): Puri- 
fication of this enzyme will be performed by the method-;of Maki no (54), from 
" hog serum. The methods used sequentially, ammonium sulphate precipitation, 
CM-cellulose chromatography, DEAE-cellulose chromatography, and calcium phos- 
^ phate chromatography. The material recovered is still heterogeneous, but it 
contains no proteolytic or glycosidic activities toward glycoproteins. 


Carbohydrate analysis : The procedure to remove carbohydrate from 
seryl and threonyl residues by alkaline hydrolysis or enzymes and from aspartyl 
residues by alkaline hydrolysis or enzymes and from aspartyl residues by acid 
hydrolysis and the procedure to separate the free carbohydrate chains have 
been referenced in the text (40,41,42,43). Analysis of the carbohydrate 
chains will be performed by gas-liquid chromatography after methanolysis 
by the methods of Clamp, Bhatti and Chambers (55). 

Preliminary experiments will include the preparation and analysis of 
carbohydrate chains from glycoproteins of known structure in order to verify 
the method. Samples of suitable weight will be combined with sufficient 
internal standard to give peaks of similar height. 0.5 ml of 1.5N methanolic 
HC1 will be added to each dried ampoule. The ampoules will be sealed under 
nitrogen and heated at 90°C for 24 hours or varying times and' temperatures when 
indicated. After cooling and neutralization re-N-acetylation will be carried 
out by addition of acetic anhydride. Supernatants will be pooled and acetic 
anhydride removed with rotary evaporation at 25°C. The trimethyl si lyl: de¬ 
rivatives will be prepared by adding 50 ul of TriSil-Z to the dried material 
in a screw capped vial. The vial will immediately be sealed and the reaction 
will be allowed to proceed for 30 minutes at 25°C. A 2 ul aliquot of the 


O’, 










& 

o 

O 

M 


Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 








IS 


. . ~ ‘. r_ 

A -V ; 



sample will be injected into the GLC. The conditions of chromatography are 
'described by Clamp, Bhatti, and Chamber (55). Conditions of hydrolysis, 

. re-N-acetylatlon, and trimethyl silylation will be varied to give maximal 
yields. ' ‘ ....... / 

Appendix 6 


Unpaid Consultant: Since the experience in this laboratory with 
carbohydrate analysis in glycoproteins is limited, consultative services 
have been arranged with Dr. Johnathon Doxon, Ph.D. who is a glycoprotein 
chemist in the Hormone Research Laboratory and who is actively performing 
carbohydrate analyses on glycoproteins with gas-liquid chromatography. 



. C). Significance of this work : Since the occurance of AAT deficiency 

In some patients with emphysema is one of the few clues available to the 
: - nature of the biochemical processes in human emphysema, an understanding 
of these processes may lead to modes of therapeutic intervention. This 
section will attempt to answer two questions: first, what is the importance 
: of AAT deficiency to emphysema from all causes in this country, and second 
what contribution will the answers to the questions posed in this protocol 
f make to the understanding, treatment and control of AAT deficiency. 



Two questions must be answered in order to determine the importance 
of AAT deficiency to human emphysema. First, what proportion of the popu¬ 
lation with abnormal AAT genes get emphysema as a result of these genes, 
and second is there a link between the the AAT related emphysema and the 
more common form of emphysema seen in smokers? The answer to the first 
question is controversial. While all investigators agree that only a rare 
patient with pi type ZZ survives to the age of 50 without emphysema (7). 
Estimates of the incidence of lung disease in subjects with pi type MZ 
vary from nil in Eriksson's study to substantial in the work of Lieberman 
(56) and of Kueppers and Larson (57), who estimated that 26 and 29% re¬ 
spectively of the patients with chronic obstructive pulmonary disease had 
AAT with pi types ZZ or MZ. The incidence of the Z gene in Americans has 
been estimated from 0.01 to 0.016 (9, 57). In addition, if Eriksson's 
estimate of the prevalence of patients with pi type ZZ of 0.00057 (7> is 
also found in Americans, then more than 140,000 Americans are at high risk 
of developing emphysema related to AAT deficiency. In addition, the data 
of Black and his colleagues (58) suggests .that nonsmoking homozygotes may 
get the emphysema about a decade later than smoking homozygotes. Therefore, 
smoking may exacerbate the propensity of subjects with pi type ZZ to get 
emphysema or perhaps the two forms of emphysema may be produced through a 
common biochemical mechanism. One possible common pathway was suggested 
by Cohen (4). If there is a common pathway, then drugs developed to prevent 
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emphysema in AAT deficiency may also prevent emphysema in smokers who get 
emphysema. 

Evidence was reviewed in the introduction to this protocol which shows 
- that most investigaors who study AAT deficiency work on the premise that the 

low levels of AAT are the proximate cause of the emphysema in deficient patients, 
and that the emphysema is caused by the unrestrained action of one or more 
. enzymes on pulmonary tissues. This protocol presents evidence which suggests 
that defects other than the AAT deficiency are present in these patients and 
suggests experiments which might either show that these other defects are 
■ secondary to the deficiency in AAT or show how to determine the biochemical 

^ nature of the other defects if the other defects are not secondary. The 

possibility that other defects occur in the same people and that one of the 
other defects may cause the emphysema which these people develop must be 
eliminated before investigations in this field become completely confined 
to AAT. 






D). Probable Future Direction of this Work : If the weight of evidence 
suggests that alpha-1-antitrypsin is the protein coded for by the abnormal 
gene in deficient patients, then it would be likely that all of the other 
biochemical lesions would be secondary to this lesion. This information 
would suggest that addition of .alpha-l-antitrypsin-1ike activity to the 
blood of deficient patients might prevent the emphysema which they develop. 
Therefore, methods for accomplishing this goal would be investigated. The 
goal might become possible through several possible routes. Our SCOR B-l 
research on the biochemical mechanism of the active sites of alpha-l-anti- 
trypsin may permit the design of drugs which would replace the function of 
the missing inhibitor. Other lines of investigation in the proposed research ' 
may suggest methods of releasing a1pha-1-anti trypsin from livers of deficient 
patients. In addition, many other investigators are exploring other means 
for accomplishing these ends. 


If, however, this research suggests that biochemical lesions other than 
the low levels of alpha-l-antitrypsin may exist in these patients then future 
research would explore these other lesions to determine if one of them might 
be the cause of emphysema in alpha-l-antitrypsin deficient patients. 





W.- 


E). Relationship to Dr. Cohen's SCOR Project : Dr. Cohen's SCOR project 
is related to the determination of the mechanism of action of the inhibitory 
sites on AAT and this protocol is related to the determination of the genetic 
differences between AAT of pi types MM and II. Since patients with pi type 
ZZ have trypsin inhibitory capacities commensurate with their levels of AAT, 


[vssge 

v- 




Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 






20 



the active site of AAT is probably functional in ZZ protein. Therefore, it is 
unlikely that experiments in one protocol will be useful in the goals of the .4^ 

44 other protocol. In fact, the procedures to be employed in this protocol will : 

4 very likely destroy the inhibitory site on AAT. Therefore, there will be little < 

4 If any overlap between the protocols. ; 4 
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Bazley Professor of Pulmonary Diseases 

Chief, Pulmonary Section, Department of Medicine 
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j. '* A Short title of study. ■ * . ,* \ * * - , 

Tests of small airway function as screening procedures 
for obstructive lung disease 
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5. Proposed storting date: July 1, 1974 

6. Estimated time to complete: 6 years (three years with this application) 

7. Brief description of specific research aims: 

Several new lung function testing procedures have been widely acclaimed- 
because of their purported value for early detection of chronic obstructive 
pulmonary disease (C0PD) . These tests have great potential usefulness for 
screening purposes, but rigorous proof of their predictive value is not now 
available. A prospective study will be undertaken in a large group of coronary- 
prone men already enrolled in a long term program of medical intervention with 
- respect to diet, blood pressure control and smoking cessation. The major 
objectives of the pulmonary studies that will be conducted as a part of the 
periodic evaluation of these patients are: 

1. To determine the relative value and significance of measurements of: 

(a) closing volume and closing capacity, (b) expiratory flow at 50 per cent of 
the vital capacity and smaller lung volumes, and (c) traditional indices of 
expiratory airflow such as the maximum mid-expiratory flow (MMF) and the forced 
vital capacity in one second (FEV^). . . 
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2. Measurement of the relative changes with time in the above tests. 
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ecifically cessation of smoking - alter the 
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3. Does intervention - specifically cessation of smoking - alter the 
changes with time in these tests? 
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8. Brief Statement of Working Hypothesis ; 

A. Introduction . The initial structural and functional abnormalities 
in COPD - prior to the appearance of overt clinical manifestations - occurs 

in small airways with a diameter of two mm or less. Traditional lung function 
tests reflect the status of the larger airways only, and thus may be quite 
normal despite the presence of disease of the small airways. Several tests, 
some ideally suited to large scale population surveys, are now available to 
assess the status of these small airways. What value they may have for this 
purpose can only be determined by carefully controlled, longitudinal study !' v 
of a cooperative, stable population. 

» 

B. Small airway function . The initial event in the prolonged, irreversible 
sequence that terminates with the clinical picture and* functional impairment 

of COPD is thought to be inflammatory changes limited to the small (less than 
2 mm in diameter) airways (Hogg, New Engl. J. Med. 258:1355, 1968). If so, 
it is of considerable importance to develop methods for assessing small airway 
function because patients at this incipient stage of COPD are essentially 
asymptomatic and the process may be reversible. Traditional ventilatory 
function tests are not sufficiently sensitive to detect COPD at this early 
stage because the standard tests primarily indicate the flow resistive pro¬ 
perties of the large airways. To assess the properties of the small airways 
special procedures must be employed such as: (1) measurement of pulmonary . 
mechanics or gas distribution at several different breathing frequencies, 

(2) determination of the airway closing volume or capacity, and (3) measurement 
of expiratory airflow at low lung volumes. To effect any significant reduction 
in the incidence of COPD, patients destined to develop the disease must be 
identified when they are entirely asymptomatic and, it is hoped, in a reversible 
phase of their illness. Once symptoms are present, and traditional lung 
function tests become abnormal, the disease is well established and irreversible 
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Apart from the specificity, sensitivity, reproducibility, and clinical 
usefulness of the above three categories of tests of small airway function 
there is the practical matter of their suitability for large-scale field use.- 
Thus, some trade off may be necessary between tests that are highly specific, 
but cumbersome, uncomfortable, time-consuming, and expensive; and other tests 
that are less specific but simple, painless, rapid and inexpensive. Because 
it is necessary to swallow an esophageal balloon, the measurement of lung 
mechanics at different breathing frequencies cannot be used as a screening 
test. 
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The closing volume or closing capacity and expiratory flow at low lung 
volumes have been acclaimed as being indicative of the status of the small 
airways and technically suitable for use in screening programs for respiratory 
health. Whether the closing volume or closing capacity is superior to flow 
measurements for early detection of minimal disease is uncertain. In nine 
patients with abnormal alveolar-arterial oxygen gradients and frequency - * 

dependence of compliance, Gelb and Zamel (New Eng. J. Med. 288:395, 1973) found 
abnormal expiratory flows in only seven. On the other hand, abnormal values v* 

for the closing volume were found in 72 percent of 46 smokers whereas one or 
more conventional tests were abnormal in only 30 percent (McCarthy, Amer.'J. 

Med. 52:747, 1972). We have surveyed 275 non-smoking employees of a Seventh ■" 

.** Da y Adventist Hospital and compared the closing volume, *forced expired volume 
* n one second (FEVi) , and flow at 25 percent vital capacity (Solliday, Amer. 

\ Rev * Resp. Dis. 107:1107, 1973). The closing volume was the only test to show 
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8. Brief Statement of Working Hypothesis : (continued) 


a significantly different response between employees with respiratory 
symptoms and completely asymptomatic individuals. The closing capacity 
appears to be slightly more sensitive than, the closing volume in dis¬ 
criminating early dysfunction (Buist, Amer. Rev, Resp. Dis• 107:735, 1973), 
Whether small airway dysfunction necessarily means the eventual development 
of overt disease remains to be determined. All published normal values 
for the closing volume or capacity in adults indicates a progressive increase 
with age. Whether the change with time is different in patients with normal 
values at the outset than in patients with abnormal values will require some 
years of repetative observations to determine. 






C. Large airway function . Contrary to the relative novelty of tests 
for measurement of small airway function are the well established procedures 
for assessing large airways. The FEV^ and maximum mid-expiratory flow 
(MEF) have been in routine-use for many years, and there is a large body 
of accumulated, long-term experience with them. Studies of the same population 
group, repeated at intervals for some years, have been published so that the 
changes with time are known. Similar studies in patients with established 
obstructive lung disease indicate an exponential decline in FEV^ (Chandrasekhar 
Morse, Nam and Cugell, Amer. Rev. Resp. Lissubmitted for publication). 



''"ft. 



D. Temporal changes in ventilatory function . Normal values for lung 
function tests are imprecise, and it is traditional to allow for a twenty 
percent reduction below the predicted normal value before considering a 
specific result definitely abnormal. In contrast to these wide variations 
in predicted values, individual patient performances are highly reproducible. 
If the same person repeats the same maneuver at specified intervals over a 
period of time, a performance pattern can be established against which that 
person’s subsequent results can be compared. Thus, repetitive measurements 
at yearly intervals will establish a regression line for that test against 
age for that person. Deviation from the regression line will provide much 
greater sensitivity in identifying an abnormal result than comparison of an 
isolated measurement with a number calculated from a prediction formula. . - 
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E. Mass screening . Screening tests can be evaluated according to several 
characteristics (Chamberlain, ’’Recent Advances in Medicine,” 1973) such as 
sensitivity, specificity, predictive value and reproducibility. Safety, 
patient acceptability, economy and convenience are additional important ^ 

features. The closing volume or capacity, and expiratory flow measurements 
are completely safe, acceptable to the patient, inexpensive and convenient _ 

but other characteristics have not yet been defined. The predictive value CJ 

of these, or any other, screening procedures are of critical importance. In CTl 

£* 
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o 
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order to determine if an abnormal result signifies definite disease, some 
independent means of disease identification must be employed. Since the 
onset of chronic obstructive pulmonary disease is uncertain and the clinical 
course highly variable, there is considerable difficulty in identifying 
patients with COPL at an early, beginning phase of their illness. On the 
other hand, once established, COPD is easily recognized from the clinical 
symptoms and limitation of expiratory flow as measured by the FEV^ and MMF. 

Thus, the predictive value of closing volume or capacity and low lung volume 
flow rates cannot be ascertained without careful, long-term observation of a ^ *** 

cooperative group, some of whom are destined to develop COPD. 
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Brief statement of working hypothesis; 




(See appended pages) 



9. Detoil* of experimental design and procedures (append extra pages as necessary) 

A. Introduction , A major difficulty in mounting an effective epidemiological 
study is developing case finding methods, procedures for follow-up and training 
personnel to conduct these essential tasks* At this Medical Center there now exists 
a unique opportunity to utilize a patient population now being enrolled in prospective 
intervention trials. This nationwide, cooperative investigation into coronary artery 
disease is entitled 1 , "Multiple Risk Factor Intervention in Coronary Prone Individuals" 

and is supported by the National Heart and' Lung Institute. The annual project costs 
Ptare several million do liars* nationally with ^se\ T erar hundred thousands of that total 
allocated for the three centers in the Chicago area. Approximately fifty thousand 
men aged 35-57 will be screened in this region; at least nine hundred with a high- 
risk of developing myocardial infarction will be selected and evaluated at frequent 
intervals* These high risk patients will be enrolled in various programs to determine 
if the expected incidence of myocardial infarction can be reduced. One group will be 
enrolled in a program that includes dietary modification, treatment of high blood 
pressure, and advice to help the patient quit smoking; another group will be referred 
to their private physicians for management. This project will be conducted in three 
phases: (1) identification of patients at risk based upon an elevated blood pressure, 

cigarette use and elevated blood cholesterol, (2) detailed study of those deemed to 
be at increased risk and (3)' intervention by one means or another. The first phase - 
identification of suitable patients - is now under way. The intensive study or 
second phase will include a detailed clinical evaluation, blood chemistry profile, 
and rest and exercise electrocardiography and vectorcardiography. These intensive 
studies will be conducted at St. Joseph’s Hospital, a community hospital nearby the 
Northwestern University McGaw Medical Center. By performing a few additional tests 
that will require no more than 15 additional minutes, the objectives of this proposed 
project can be fulfilled. Because of the established organizational structure and 
system for data collection and follow-up, there is a unique opportunity for additional 
epidemiological investigation - providing the extra procedures do not impose any undue 
burden on the patient or interfere with the primary project* Any additional studies 
that can be included will provide information at a fraction of the cost that would be 
required if an independent program for locating patients, defining their health status 
and obtaining follow-up observations was required. K)035400dL5L 


(continued) 
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9, Details of Experimental Design and Procedures : (continued) 

B. Selection of patients . All of the high risk men will be evaluated in the 
'St, Joseph's Hospital laboratory and will be subjected to the respiratory maneuvers 

required for the purposes of this project. All 900 men will be studied at the time 
they enroll in the program and annually thereafter. One sixth, or 150 men, will 
receive their treatment at the St. Joseph's Hospital center, and they will be 
studied at four month intervals. A careful evaluation of each person's respiratory 
status will be performed, including a physical examination and completion of the 
detailed respiratory questionnaire described in Report of Workshop on Epidemiology 
of Respiratory Disease published by the National Heart and Lung Institute, 1971. 

All of the clinical and laboratory results will be co-mingled with the data obtained 
as part of the primary project. Insofar as possible, the intervention program the 
patient may be following, particularly with regard to his smoking habits, will not 
be known to the technician and will remain unknown to those analyzing the results, 

C. Test procedures . The patients will perform three rapid, forced expiratory 
efforts and three leisurely expirations. The forced expiratory effort will be re¬ 
corded such that the peak or maximum expiratory velocity and. the airflow at various 
selected points over the range of vital capacity will also be available. The super- 
imposition of timing signals, triggered by the rapid rise of expiratory velocity, 
will permit recovery of the forced expired volume at several time intervals Including 
the customary one second value. Thus, a single forced expiratory effort will provide 
information relevant to airflow dynamics at low lung volumes and the traditional 
measures of expiratory flow such as the FEV^, MMF, peak expiratory flow etc. The 
same recording apparatus will be used to inscribe the expired volume during a more 
leisurely expiration for calculation of closing volume and closing capacity, with 

the requisite nitrogen concentration recorded on the axis previously used for ex¬ 
piratory velocity. In addition, the slope of the "alveolar plateau" will be calculated. 

As yet, it is not clear which of these three calculations from this simple maneuver 
is most meaningful. Calculation of the closing capacity is unduly time-consuming 
when performed manually. A digital integration of the expired nitrogen concentration 
would provide a convenient method' for calculating the mean alveolar nitrogen concen¬ 
tration and greatly simplify the closing capacity computation. Inasmuch as almost all 
of the patients will be gainfully employed and relatively well, no procedural difficulties 
are envisioned', and it seems likely that all of the tests can be completed within 
twelve to fifteen minutes. It is uncertain whether three repeat efforts for each 
procedure will be required, but it is appropriate to establish a fixed procedure, 
particularly at the outset. Fewer efforts may suffice at the time of the repeat 
examination. All patients will have a blood sample assayed for alpha-1-anti trypsin 
levels in order to define those within the population under study with a partial or 
complete enzyme deficiency. This will be done at the time of the initial evaluation 
and not repeated subsequently. 

Equipment . In order to minimize the technician 1 time, provide maximum convenience 
for the operator and minimum time for the patient, semi-automatic apparatus will be used. 
Such a system can be provided by Systems Research Laboratories, Inc. An appropriate 
combination of flow detection devices, gas analyzers and digital computing units will 
enable the operator to perform all of the required tests at one sitting within twelve 
to fifteen minutes. The apparatus will require four to five square feet of floor space. 
There will be a graphic record of each test as well as a digital display of the results. 
Prior to its use the equipment will be subjected to rigorous verification' of its 
accuracy, reproducibility and stability plus frequent checks with mechanical standards 
and duplicate determination on staff members using equivalent apparatus at the North¬ 
western University McGaw Medical Center Pulmonary Function laboratories. A preliminary 
scheme for the semi-automatic calculation of mean alveolar nitrogen concentration for 
the closing capacity computation is included in an appendix. 




Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 


1003540012 






(continued) 



'* E. Evaluation of results . The design of this multiple risk factor intervention 
if *}*-study will provide definitive information about the effects of diet, aging, blood 
' r;,- pressure control and alteration of smoking habits on selected lung function tests* 

Traditional tests such as the FEVi, MMF and peak expiratory flow - which are primarily 
dependent upon flow resistance in the large airways - will be compared with the 
closing volume or capacity and flow at low lung volumes which reflect small airway 
.^..function. This comparison will provide information on the relative sensitivity 
of these two classes of lung function tests, rate of change with age, and ability 
"'"‘T to predict the eventual development of overt COPD* The significance, if any, of 

tobacco usage will become evident from a comparison of the results between non-smokers, 
' smokers and ex-smokers. 
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?ft Spate and faci/ifies ava/fdtbfe (when elsewhere than item 2 indicates, state location): 

Laboratory space has been set aside at St* Joseph's Hospital to conduct the 
intensive study of all candidates selected for this long-term project. The 
equipment required for the objectives of the multiple risk factor intervention 
program have been installed but suitable apparatus for the study of lung 
function is not now available* Space to accommodate the special self-contained, 

. ---specially designed equipment mentioned in Section 9 is available. Backup 

laboratory services in the form of trained technical and professional personnel, 
comparable equipment and alternative apparatus in the event of equipment break¬ 
down are available from the Pulmonary Function Laboratories of the Northwestern 
University - McGaw Medical Center. The principal investigator of this proposal 
is in charge of those laboratories. They are equipped with a full range of gas 
analyzers, single and multichannel recorders, flow measuring and sensing devices, 
and some engineering support service. 
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Additional facilities required: 

This project can be accommodated entirely in existing facilities. 
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"* \ Biographical sketches of investigator(s) and other professional personnel (append) 
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-vfe^:. Publication5i (five most recent and pertinent of investigator(s); append lilt, and provide reprints if ava I fa ble£ ^ 
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. to Chief, Pulmonary Section to present Director, Pulmonary Diseases Section, Dept, of Mac.; 
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First year budgeh 

A. Salaries (give nomei or state "to be recruited") 
Professional (give % time of investigator(s) 
even if no salary requested) 

David W. Cugell, M D. 



Technical 

Mary Hansson, R. N, 

Fringe Benefits - 11.17. 


■*- If 


% time 


107. 


100 % 


Amount 




i 


i 

* 

t 

* 


X 


B, Consumobl* supplies (by major.categories) 

Recording paper, mouthpieces, 
test tubes 


Sub-Tofol for A 


ft. 


400 | 

i ! 


c 


* 


Sub-Total for B 


400 


C. Othar expenses (itemize) 

Miscellaneous tools, electronic parts 


LOO 


n 





f 


Sub-Total i for C 


100 


Running Total lof A + B + C 


D. Permanent equipment (itemize) 

1. Variable speed, variable stroke 
calibration, pump - to be constructed 

2. SvBtetna Research Laboratory console 
vitn x-y-y recorder, nitrogen meter, 
m-10 predictive screener with mid-fl'ow 
board, memory plotter and dual range 
flow transducer 


C 


E. Indirect costs (15% of A+B+C) 

15. Estimoled future requirements 


Sub-Total for D 
E 


Total request 


13,832 


150 


10,800 

10,950 


2,075 

26,857 


Year 2 
Year 3 


Salaries 

Consumable Suppl 

Other Expenses Permanent Equip. 

Indirect Costs 

Total 

R 

400 


2,160 

16,558 

400 


2,226 

17,069 
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6 Other sources of financial support 

lisfifinancial iupport from all sources, including own institution, for this and related research protects. 


Title of Project 

Graduate Training Grant In 
Pulmonary Diseases 

Bazley Trust 


CURRENTLY ACTIVE 
Source 

(give gront,numbers) 


Amount 


Inclusive 

Doles 


Title of Project 

alidation of newer method 
of detecting early CO?D 
(a short term project 
based upon bronchospasm 
provocation) 


US PHS - NULL 

$31,000 

April, 1966-June, 1975 


per yea 

: 

Private 

$40,000 

inde f ini.te 


per yea 

1 

PENDING OR PLANNED" 


! 

Source 


Inclusive 

(give grant numbers) 

Amount 

Dates 

jj Chicago Lung Assn. 1 

' $12,641 ! 

1 July 1, 1974 - . 


June 30, L975 


It is understood that the investigator and institutional 
officers in applying for a grant have read and accept 
the Council's "Statement af Policy Containing Conditions 
and Term Under Which Project Grants Are Made " 


Checks payable to 


Principal investigator, 

Typed Name _ Dav i d W Cugell 
Signalur* 

Telephone_ 


M D 


m a T c f^ i/28/74 - 

7 ^ ' _ 


Responsible officer of institution 


_f ’ •thur T. Sctvnehlmg, Vice Pres. & C ontroller typ e d Name Da.v’ld Mlntzer 


Availing address for checks 

633 Clark Street 


Evanston, Illinois 60201 



r-tle Vicejir^iiienVj<5. 

Signature _ /js -^ ^ 

Telephone - ^ 


£_ -Science 

Date ^31/7^ 


* 
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THE MEDICAL SCHOOL 
303 E. CHICAGO AVENUE 
CHICAGO, ILLINOIS 60611 



DEPARTMENT OF COMMUNITY HEALTH 
AND PREVENTIVE MEDICINE 
313-649-7914 


JEREMIAH STAMLER, M.D. 

PROFESSOR AND CHAIRMAN AND 

HARRY W. DINCMAN PROFESSOR OF CARDIOLOGY 


January 28, 1974 


Dr. Robert C. Hoekett 
Research Director 
The Council for Tobacco Research 
- USA, Inc. 

110 East 59th Street 
New. York, New York 10022 

Dear Dr. Hoekett: 

I'm heartily in accord with the objectives of the project being submitted by 
David W. Cugell, M.D. Dr. Cugell has been in charge of the pulmonary section 
of the Department of Medicine and director of the pulmonary function labora¬ 
tories at this Medical Center for 18 years. He has recently shifted his in¬ 
terest from the intensive study of patients with established disease to the 
evaluation of asymptomatic patients using newly developed tests potentially 
capable of identifying patients in a very early, pre-symptomatic phase of 
bronchitis and emphysema. 

As noted in the application I am the principal investigator for the Chicago 
portion of a nation-wide study of how to best intervene in male patients with 
a high risk of developing a myocardial infarct. Approximately 900 high risk men 
will be followed for a period of six years. Methods for identifying this high 
risk group, and procedures for follow-up and periodic testing are well established 
and have already been used In several other large scale epidemiological studies. 

I welcome the opportunity of involving the patients to be enrolled in this inter¬ 
vention trial for an additional worthy project. We are now in the process of 
having this project approved as an ancillary study. With both coronary artery 
disease and chronic obstructive lung disease occurring predominantly in middle 
aged males, these coronary-prone men are an ideal group for evaluating the 
significance of newer tests of small airway function. 

The combination of Dr. Cugell's knowledge and experience in lung function measure¬ 
ment and our extensive organization for collecting clinical and laboratory data 
provide an excellent opportunity to secure meaningful results. 


JS/ms 


fuly yours. 





Stamler, M.D. 
and Chairman 


THE McCAW MEDICAL CENTER OF NORTHWESTERN UNIVERSITY 
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The Council Foh Toijacco Rkskakcii-U.S.A., Inc. 



February 12, 1974 


Grant application No. 547D 
CHRONIC FUIMONARY DISEASES 


To: The committee comprising Drs. Jacobson, Liebovr and Wyatt 

Subject: Joseph J 1 . Guarneri, Ph.D., L.I. Jewish-Hill side Medical Ctr., New Hyde Park 
Continuation application No. 547D 

"The influence of acute and extended exposure to cigarette smoke on 
the immunological function and metabolic activity of alveolar 
macrophages as related to pulmonary defense against inhaled bacteria". 


History . 


CTR has supported this applicant since i 960 . The current grant, 
for the last year of a three-year proposal, is in the amount of $22,944 
and expires June 30, 1974. 

Therefore, the enclosed request competes without commitment. 


Request 

Application No. 547D requests $51,835 plus two additional years. 
Document Submitted 


Enclosed is application dated l/l4/74, plus IV figures and XXVI 

tables. 


Comment 

The applicant states that his proposal summarizes 13 years of 
research supported by CTR. It is difficult to see what progress has been 
made recently, but staff will attempt to do so. 

Another concern is lack of publication; nothing but abstracts have 
appeared since 1968. Staff will attempt to pursue this question with the 
applicant. 


FWNigh 
Ends. 



F.W.N. 
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The Council Fok Tobacco Research-U.S. A., Inc. 

110 EAST 30th STREET _—--* 

NEW YORK. X. Y. 10022 ",*'. 

(212) 42l-H3.Hr. 

• ( 

Application for Research Grant r 
(Use extra pages as needed) i - 


Date: l/lii/7U 


1. Principal Investigator (give title and degrees): 

Joseph J. Guameri, PhuD., Attending Microbiologist, Director Microbiology Labs*, 
Long Island Jewish - Hillside Medical Center/Queens Hospital Center Affiliation* 




7 . Institution & address: 

Long Island Jewish - Hillside 

Medical Center 

New Hyde Park, N.Y. UCfciO 


Research Performance Site & Address 
Long Island Jewish-Hillside Medical 
Center/Queens Hospital Center Affiliation 
82-68 l6Lth Street, Jamaica, N.Y. 11U32 


r ■■ i i 

^ v ■ */Tru* 


3. Department(s) where research will be done or collaboration provided: 

Division of Microbiology, Department of Laboratories, 


4 . Short title of study: The influence of acute and extended exposure to cigarette smoke 
on the immunological function and metabolic activity of alveolar macrophages as 
related to pulmonary defense against inhaled bacteria. 


. • '* ■>»* * 

•;•» v* ,; 2 






5- Proposed starting date: July 1, 197U 

6, Estimated time to complete: 3 years The proposed project is a direct investigation of the 

. . influence of acute and extended exposure to puffed cig- 

7. Brief description lofispecific research aims: 8nok# 0 „ ^ iimediate ideological function Of 

alveolar macrophages in pulmonary defense; namely, the phagocytosis and destruction of 
inhaled bacteria. Methods are used that permit an evaluation of the effect of smoke- 
inhalation on the antibacterial capacity of alveolar macrophages under in vivo condi¬ 
tions of smoke-exposure and bacterial challenge. By means of paired and matched studies 
that utilize in vivo and in vitro quantitative methods of studying host defense mecha¬ 
nisms, it will be possible to study several immunological and biochemical parameters of 
_alveolar macrophage function associated with antibacterial activity. Experiments are 
planned to permit the following evaluation of the effect of whole smoke and filtered * 
smoke on the alveolar macrophage system and the reversibility of any adverse effects 
that may occur as a result of snoke inhalation:(a)phagocytosis and intracellular killing 
activity of alveolar macrophages under in vivo and in vitro conditions of bacterial 
challenge/b)alveolar macrophage motility and cell adhesiveness as related to alveolar 
macrophage mobilization in response to inhaled bacteria and smoke(c) the antibacterial 
activity and phagocytosis promoting properties of alveolar lining material and pulmonary 
secretions,(d)secretory IgA levels present in the lungs of animals under basal conditions 
and after exposure to bacterial aerosols,(e)oxygen uptake, glucose metabolism, lipid 
composition and fatty acid composition' of alveolar macrophages harvested from animals 
under basal conditions and after bacterial provocation and (f)ATFase, hydrolytic enzyme, 
catalase, peroxidase activities and ! hydrogen: peroxide production before and after bac¬ 
terial challenge. This fundamental approach' supports the projects specific aim to 
assess the influence of smoke-exposure on the alveolar macrophage system and to pro¬ 
vide a rational basis for explaining the snoke data obtained in this laboratory:namely, 
cigarette smoke caused an impairment of the antibacterial activity that was totally re¬ 
versible, and not apparent in macrophages harvested from smoke-exposed animals and then 
challenged with bacteria in tho absence of cigarette sraoke. * l| 
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8. Brief statement of working hypothesis: 

' Background Material - Supporting Data - Working Hypothesis of Grant Proposal. 
See pages 2A-1 to 2A-20 

«C 


9. Details of experimental design and procedures (append extra pages as necessary) 


See pages 2A-21 to 2A-33 


C 
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6 . Statement of Working Hypothesis and Supporting Data: (Cited references on . 

pages 2A-1? to 2A-20) 

There is a great deal of information which documents the capacity of the normal 
lower respiratory tract to clear bacteria and remain sterile. This is indeed re¬ 
markable since bacterial contamination by inhalation and aspiration are a common 
occurrence. Evidence for the antibacterial activity of bronchopulmonary tissue of 
human beings and experimental animals, respectively, resides in the observations that 
bronchial^ secretions of normal subjects are sterile (1-3) and that bacteria deposited • 
in the lungs of animals are rendered nonviable within hours (U-6). However, other 
studies also show that the bronchial secretions of chronic bronchitic patients contain 
respiratory pathogens (3) and that various experimental conditions, of suggested clini¬ 
cal importance, impede the pulmonary defense of mice against inhaled bacteria (U, 6-9). 

Quantitative studies of pulmonary resistance to infection have been made possible 
by the development of techniques for simulating the natural mode of respiratory in¬ 
fection, namely, the inhalation of droplet nuclei laden with bacteria. This labora¬ 
tory has developed, standardized and used for the past 10 years an aerosol system 
which permits the production of bacterial aerosols of controlled concentration and 
particle size from which predictable numbers of bacteria can be implanted in the lungs 
and trachea of experimental animals. By this method rapid lung clearance of a coagu- ; 
last positive strain of Staphylococcus aureus by the murine lung has been demonstrated. 
One hour after aerosol exposure, U5$ of the bacteria deposited are cleared: after 2 
hours, 70$: 3 hours 80$: lj hours C8$, and after 6 hours, 95% of the staphylococci 

are cleared. This clearance curve is remarkably constant for staphylococcal deposi- ...... 

tiohs between 10,000 and 300,000. Tracheobronchial clearance of the same strain of 
S. aureus is also effective and very rapid. In one hour 12% of the bacteria deposited 
on tracheobronchial tissue were cleared; at 2 hours, 85$ and at k hours, 95$ of the 
bacteria were cleared. Similar lung clearance rates for the removal of the same strain 
of S. aureu3 ha 3 been reported by other investigators (6, 7). Published data from our 
laboratory indicates that hypoxia, barbiturates, cigarette smoke and alcohol introduced 
immediately after bacterial aerosol exposure cause a reduction in lung clearance (U, 8, 
9). Other published; reports from our laboratory demonstrate that pretreatment with 
cortisone or endotoxin interferes with normal clearance (U, 8, 9) and the intestinal 
flora of the mouse exerts a profound influence on pulmonary resistance to an airborne 
bacterial challenge. Reports by other investigators demonstrate that acute starvation 
(7), cold (6), bacterial species (6), pre-exposure to a viral infection (11), ozone (12), 
silicosis (13), renal failure (llj) and acidosis (15) markedly affect the normal process 
of removal of bacterial deposits by pulmonary tissue. It is of interest that abnormal¬ 
ities in normal lung clearance correlate better with indices of physiological disfunc¬ 
tion than with observable anatomical derangements. For example, experimental silicosis 
(13) caused minor reduction in lung clearance despite extensive anatomical derangement. ; 
In contrast, physiological circumstances such as acidosi3 (13) hypoxia (8), alcoholic 
intoxication (10) and barbiturates (8), cause inhibition of normal lung clearance with¬ 
out apparent damage to lung structure. Indeed the host factors which determine the 
outcome of the interaction between bacteria and lung tissue remain unclear. Reports 
from our laboratory clearly d • ,ionstrate the Importance of genetic and environmental 
factors in pulmonary resistance to infection (8). V/e obseiv-ed that two genetically 
related strains of mice differed solely in their capacity to withstand exposure to a 
single experimental condition, namely, cigarette smoke. It was also observed that the 
presence or absence of gram negative bacteria, specifically Escherichia coll predis- 
poses mice to greater difficulty in handling inhaled bacteria, especially under the 
circumstance of smoke inhalation (8). In this regard, it has been demonstrated in 
our laboratory that circulating bacterial products such as E. coli endotoxin cause 
marked interference with normal clearance of inhaled bacteria (8). YV* •• 
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The mucociliary system and alveolar macrophages comprise the major defenses 
of the respiratory tract. The individual effectiveness of each component has been 
demonstrated several times (15, 16) and newer techniques have made it possible to 
study in detail their individual participation in the disposal of foreign material j 

frera the lung (17-20). Attention has been focused on the importance of alveolar j 

macrophages by studies which demonstrate that clearance of bacteria that are deposited * 
'at alveolar levels,is not primarily achieved by mechanical removal of bacteria by : | 

the mucociliary apparatus but is accomplished by the in situ bactericidal action of _,J| 
the lung (19). In addition, published reports from this laboratory (21-22) indicate 
that alveolar macrophages are mobilised in response to an airborne bacterial challenge. I 
The inhalation of staphylococci provoked a 2.5 fold increase in macrophage numbers. 

Vfithin 15 minutes after bacterial deposition, the numbers dropped 3$%; but the el¬ 
evated levels observed immediately after aerosol exposure were restored at the end 
of 30 minutes and then maintained with minor variation for a U hour period. The ob¬ 
servation that whole-body x-irrndiaticn (23) and immunosuppressive agents (2u) sup¬ 
press /normal bacterial clearance, adds additional support to existing evidence that 
alveolar macrophages play an important role in pulmonary defense against inhaled bac¬ 
teria. By utilising recent refined techniques for securing alveolar macrophages in 
almost pure harvest, it has been possible to study the antibacterial and biochemical 
properties of alveolar macrophages. Under these circumstances published reports dem¬ 
onstrate that the alveolar macrophage {system responds to a variety of experimental 
conditions that are epidemiologically associated with the genesis of pulmonary dis¬ 
ease (8, 25). I In this regard, published reports from this laboratory indicate that 
alcohol interferes with the mobilization of alveolar macrophages in response to a 
bacterial challenge but does not adversely affect cell viability (22). In contrast, 
cigarette smoke provokes an increase in the number of macrophages present in the lungs 
and does not adversely effect cell viability or interfere with macrophage mobilization 
ty bacterial provocation (2o). Cigarette smoke under in vivo condition of acute ex¬ 
posure to puffed cigarette smoke was observed to caxtse an inhibition of- antibacterial 
activity that was reversible .within hours (27) and the alveolar macrophage may act as 
the major detoxification mechanism available to the normal lung during acute exposure 
to cigarette smoke. Other investigators have shown that various inhaled noxious agents 
affect the function and number of .alveolar macrophages. These agents include nitrogen 
dioxide (28, 29), ozone (30) and lead sesquioxide (31). In this regard, ozone, nitro¬ 
gen dioxide and auto smog adversely affect the cell numbers (28,30), phagocytic abil¬ 
ity (28,30) viability (32), hydrolytic enzymes (33) and interferon production (29) of 
the alveolar macrophage. Recent studies demonstrated that the alveolar macrophage is 
a specialized cell with metabolic and enzymatic characteristics distinct from, most 
other white blood cells with phagocytic properties (3U, 35). Its basal oxygen con¬ 
sumption is four times that of polymorphonuclear leukocytes, yet it requires only 20% 
increase during active phagocytosis. Peritoneal macrophages require a 2$Q% increment 
for similar activities. In addition, the alveolar macrophage depends upon oxidative 
energy metabolism for its phagocytic function, and it has 3 to la times the lysozyme, 
acid phosphatase, and beta-glucuronidase activity of peritoneal macrophages (35)'. 

Recent studies (36) indicate that phagocytosis by alveolar macrophages is accompanied 
by the production of carbon dioxide -^C from glucose -1 which is at least 5 times 
that observed with glucose -6 ^C. The ^C02 production from both forms of labelled 
glucoses increases lj times during active phagocytosis. The same laboratory (J6) has 
presented data that suggests that alveolar macrophages exhibit peroxidative metabol¬ 
isms and possesses 2 HpO? utilising pathways; namely, a nicotinamide adenine dinu¬ 
cleotide phosphate (NADP) linked cytoplasmic glutathione shuttle and a catalase de¬ 
pendent pathway. The significance of the ^Op metabolism is une.-rtain. In the poly¬ 
morphonuclear leukocyte, I^Op constitutes an important component of an intracellular ' 
bactericidal system (36). Its role in the alveolar macrophage is less clear, since 
the alveolar macrophage lack white blood cell peroxidase, another important con 3 titu- 
ent of their bactericidal system. Several studies may be cited in which the jnestabolic ^ 


Source: https://www.mdustrydocuments.ucsf.edu/docs/hnllOOOO 




i 


M 

K 


i 


' 1003540026 



2A-3 


■ function of alveolar macrophages are deranged by experimental agents that also 
interfere with bacterial clearance and the antibacterial activity of alveolar 
macrophagesj cadiun (37) ions interfere with oxidative metabolismj and ozone 
depresses lysosomal hydrolase activity (30). 

The role of the mucociliary apparatus as a major pulmonary defense mech¬ 
anism has been recognized for years. It limits the number of inhaled particles 
that enter the lower respiratory tract and has the capacity to physically remove 
particles that are deposited at various levels of the lung endowed with ciliated 
cells. Inhaled bacteria that deposit on the ciliated surface of the trachea and 
bronchi are treated as particles and are subjected to the clearing action of the 
mucociliary apparatus.-- Certain environmental agents of clinical interest inhibit 
mucociliary function; alcohol (9), formic and acetic. acid (39) and high concentra¬ 
tions of oxygen (1*0). Evidence for (hi) and against (1*2) an adverse effect ofi 
smoke on particulate clearance of inhaled material may be cited. Viral infections 
(U3), vitamin A deficiency (1*1*) and chronic bronchitis (1*5) are specific diseases 
that affect the bronchial tract and also demonstrate an effect on the salient com¬ 
ponents of the mucociliary apparatus; namely, cilial motion, mucus production and 
particle clearance. The recent observation, that bronchial mucus contains anti¬ 
bodies and several substances that exert non-specific bacteriostatic and bacterio¬ 
cidal action against gram positive and gram negative bacteria (1*6) suggests that 
mucus or its components may contribute directly to bacterial killing of inhaled 
bacteria per se or provide the local conditions necessary for efficient alveolar 
macrophage activity. To correlate with this recent studies suggest that alveolar 
lining material (1*7) and local immune systems (SIgA) (1*3) may play a significant 
role in pulmonary defense against inhaled bacteria. 



The experimental approach and studies proposed in the current grant request ; 
emanate from observations made in this laboratory regarding the influence of acute 
and extended exposure to cigarette smoke on pulmonary defense against inhaled bac¬ 
teria under in vivo conditions of smoke-exposure and bacterial challenge. For this 

reason, a detailed review of the data accrued to date is indicated. ► 

7 H 

Acute exposure to cigarette smoke altered the normal pattern of tracheal and 
lung clearance of bacteria.(see 8 a supporting data, results section 1(A) - 1(C) _ • f 

pages 2A-10 :). The introduction of cigarette smoke immediately after exposure j 

to staphylococcal aerosols resulted in a decrease in the number of viable bacteria l 

present in the trachea and a concomitant increase in the numbers of bacteria retained j 
in the lung. Under the acute conditions of these experiments, the effect of cigarette : 
smoke on tracheal clearance was found to be reversible. Alveolar macrophage studies 
have provided the following pertinent information. Smoke inhalation provoked a dose 
related increase in basal macrophage numbers and did not adversely affect cell via¬ 
bility. In addition, exposure to cigarette smoke after staphylococcal aerosol chal¬ 
lenge did not interfere with the mobilization of macrophages in response to a bac¬ 
terial challenge. These findings demonstrate that one of the immediate effects of 
smoke inhalation on the cellular defense mechanisms of the respiratory tract is a 
direct stimulation of the alveolar defense system without an adverse effect on cell 
viability. To correlate with this, smoke-exposure did not provoke the migration or 1 
mobilization of other phagocytic ceils such as polymorphonuclear leukocytes to pul¬ 
monary sites. The data further suggests that the presence of increased macrophages ; 
may play a central role in protecting the lung against smoke toxicity. To postulate 
that these cells play a protective, role is supported by studies presented as support¬ 
ing data in this report which demonstrate the following: (1) increased numbers of 
macrophages reduce or limit the adverse effect of cigarette smoke on the antibac- 
terial activity of a macrophage population in vitro and (2) alveolar macrophages are v j 
capable of inactivating toxic components present in a smoke solution that impair the T 
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, the antibacterial activity of normal alveolar macrophages in vitro. 

The data obtained from a direct investigation of the phagocytic and bacterici¬ 
dal properties of alveolar macrophages under in vivo conditions of smoke-exposure 
has provided additional pertinent information, (see 8A Supporting Data, Results Sec¬ 
tion II(a) - 11(C) pgs.2A-ll to 2A-12lAs demonstrated by the pulmonary lavage studies, 
exposure to cigarette smolce caused an accumulation of "toxic substances" that inhibit 
'the antibacterial activity of alveolar macrophages. However, smoke inhalation did 
not permanently impair the antibacterial activity of the alveolar defense system. 
Specifically, smoke-exposure caused an impairment of the phagocytic and bactericidal 
powers of macrophage harvests that was readily reversible within hour3. The fact that 
macrophage function was restored under in vitro conditions of recovery; namely by mult¬ 
iple washing and incubation of macrophage in a smolce-free environment demonstrates the 
capacity of the alveolar macrophage system to cope with cigarette smoke and the im¬ 
portance of in vivo processes which effectively remove inhaled products of cigarette 
smoke that influence macrophage function either directly or indirectly by altering 
the immediate environment in which macrophages perform their phagocytic function. To 
correlate with this, the adverse effect of smoke inhalation was reversed under in vivo 
conditions of recovery, namely by housing smoke-exposed animals in a smoke-free room 
prior to obtaining lung harvests. Collectively, these observations suggest that the 
respiratory tract responds to the presence of cigarette smoke, as well as other for¬ 
eign materials in a similar manner; namely, pulmonary defense mechanisms are activ¬ 
ated and respond 1 by removing and/or inactivating smoke products deposited in the lung. 
It appears reasonable to assume that the efficacy of this response is facilitated by 
the in vivo mobilization of increased macrophage numbers in relation to the inhalation 
of cigarette smoke. Such an interpretation of the data would be in keeping with ex¬ 
perimental evidence previously cited in this report which demonstrates that alveolar 
macrophages may play a key role in protecting the lung against the toxic effects of 
cigarette smoke. 

Studies performed under in vitro conditions of smoke-exposure have served to 
provide: (1) the laboratory techniques necessary for more meaningful studies of the 
effect of cigarette smoke on the living and functioning lung and (2) a better under¬ 
standing of the conditions of bacterial challenge and smoke-exposure that influence 
the antibacterial properties of alveolar macrophages. As demonstrated by studies ' ~ 
presented in this report (see 8A Supporting Data, Results Section 1 III (a) - III (F) 
pgs.2A-12 to 2A-l5)the antibacterial capacity of a macrophage population in the ab¬ 
sence and presence of cigarette smoke i*as enhanced by the presence of increased num¬ 
bers of alveolar macrophage. Specifically, the presence of increased numbers of macro¬ 
phages reduced or limited the immediate adverse effect of cigarette smoke on alveolar 
macrophage function. In addition, macrophage cultures inactivated toxic components 
of a smoke solution that impair the antibacterial activity of alveolar macrophages 
in vitro. These findings support published reports which have focused attention on 
the importance of alveolar macrophage mobilization as a pulmonary defense mechanism 
against inhaled infectious and toxic agents. Results of other studies presented in 
this report indicate that the local conditions necessary for effective antibacterial 
activity by normal and smoke-exposed macrophages differ. In this regard, the anti¬ 
bacterial activity of macrophages during smoke-exposure was significantly influenced 
by the concentration of serum in the culture medium. This effect could not be ac¬ 
counted for by the presence or absence of an added carbon source (glucose) in the 
culture medium or the increased acidity of the culture medium induced by cigarette 
smoke. The fact that exposure to cigarette smoke interfered with the antibacterial 
activity of alveolar macrophages only at serum concentrations of 2.52 or less indicates 
that serum factors may protect against smoke toxicity. This may be related to spec¬ 
ific immunological components of serum. In addition, it has also been observed that 
the protective action of serum is reduced if cigarette smoke is introduced prior to 
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bacterial challenge. Specifically, prior exposure of macrophage cultures to cig¬ 
arette smoke reduced the amount of cigarette smoke necessary to suppress antibacter- j 
ial activity. This difference may be a reflection of the long term effects of cig¬ 
arette smoke on a static macrophage population and probably relates to several fac¬ 
tors including the effect of extended exposure to cigarette smoke on: ( 1 ) serum 
factors which promote and sustain effective macrophage function and ( 2 ) the physiolog¬ 
ical state of macrophages at the time of bacterial challenge. Macrophages obviously 
respond to the presence of cigarette smoke by removing and/or detoxifying smoke prod¬ 
ucts in their environment• The fact that the adverse effects of in vitro smoke-ex¬ 
posure was partially reversed by multiple washing of macrophage cultures demonstrates 
the beneficial results derived from reducing the amount of smoke in contact with the 
alveolar cells and the importance of the cleansing action of increased numbers of mac¬ 
rophages (mobilization) and mucociliary activity in the live and functioning lung. 

Data has also been presented which clearly demonstrates that exposure*to whole smoke 
drawn through a glass fiber filter reduced the adverse effect of in vitro smoke-ex¬ 
posure on the antibacterial activity of macrophages. Specifically, filtered whole 
smoke did not interfere with phagocytic activity but continued to impair bacterial 
killing. These observations suggest that the particulate and gas phases of whole 
smoke may ha\e separate effects on macrophage function. 

Marked differences in the effect of in vivo, and in vitro smoke-exposure on macro-' 
phage function have also been noted. In vitro conditions of smoke-exposure produced 
an impairment of antibacterial activity that was not totally reversed by multiple 
washing and incubation of macrophages in smoke-free tissue culture flasks. The dif¬ 
ferences in the effect of in vivo and in vitro smoke-expesure on macrophage function 
may be attributable to s everal factors including: ( 1 ) differences in the amount of 
smoke that macrophages were exposed to under both experimental conditions and ( 2 ) 
the static and unphysiological conditions that prevail under in vitro conditions of 
•smoke-exposure. The latter interpretation of the data would be in keeping with the 
mobilization and detoxification data reported herein. 


Pulmonary studies of the influence of extended exposure to piffed cigarette * 

smoke on pulmonary defense against inhaled bacteria under in vivo conditions of smoke- 
exposure and bacterial challenge have also been completed (see 8 a Supporting Data, . 
Results Section XV(A)-IV(D) pgs.2A-l5 to 2A-16). Exposure to cigarette smoke for' - [ 
one hr /daily for 3 , 5 , 10 and 15 days prior to bacterial aerosol challenge altered f 
i pattern of normal clearance. Specifically, smoke inhalation reduced the initial t 

clearance rate of inhaled bacteria but normal clearance rates were restored with minor - 
variation within hours after the termination of smoke-exposure. Under the conditions 
of these experiments, smoke inhalation provoked a large increase in basal macrophage V 
numbers and did not adversely affect cell viability. In addition, cigarette smoke ; 

did not mitigate the mobilization of alveolar macrophages in response to bacterial i 

provocation or provoke the presence of polymorphonuclear leukocytes in lung harvests. - 
The data obtained from studies of the phagocytic and bactericidal properties of al- •;j 
veolar macrophages under in vivo conditions of extended exposure to cigarette smoke ; 
has provided the following information. The antibacterial activity of alveolar macro¬ 
phages harvested from smoke exposed animals washed several times prior to bacterial t 

challenge was unimpaired. A full report of these observations, as well as others ' 

pertaining to the influence of extended exposure to cigarette smoke on pulmonary de- i 
fense will be submitted at the end of the current year of grant support« .[ 


. The proposed grant request is a direct extension of the work completed in this 
laboratory concerning the influence of acute and extended exposure to cigarette smoke 
on pulmonary defense mechanisms. This project is designed on the basis of established 
evidence that alveolar macrophages play a dominant role in disposing of inhaled bac- V 
teria ( 18 , 19 , 21 ) and takes into consideration current information relating to the / 
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presence in the bronchopulmonary tree of secreted fluids, both immunological and 
and non-inr.iunological in character (h$) that contribute to pulmonary defense and 
may act as the mediators of effective alveolar macrophage function. In addition, 
the grant proposal takes into account several biochemical parameters of alveolar 
macrophage function that are associated with the effective antibacterial activity 
of phagocytes. To correlate with this, evidence may be cited which demonstrates an 
apparent contradiction; namely, the effective antibacterial powers of alveolar macro¬ 
phages in the intact and functioning lung (!;-$>) and the diminished bactericidal cap¬ 
acity (50,51) under in vitro conditions of study. The experimental design also ack¬ 
nowledges that meaningful animal studies must be performsd under in vivo conditions 
of smoke-exposure and utilises a smoke generating and exposure chamber that produces 
puffed cigarette smoke of predictable and controlled concentration. In this regard, 
the results obtained in this laboratory under in vivo conditions of smoke-exposure 
(See Supporting Data, Results Section,pgs,2A-10 to 2A-16) demonstrated that smoke- 
exposure produced an impairment of the antibacterial activity of alveolar macro¬ 
phages that was readily reversible and not apparent in the absence of cigarette smoke 
or smoke products. These findings are in good agreement with the data obtained from 1 
studies (52) with alveolar macrophages harvested frem human smokers and are at var¬ 
iance with the results (53) obtained with rabbit alveolar macrophages exposed to cig¬ 
arette smoke under in vitro conditions of smoke-exposure. 


Experiments are detailed vrhich permit a direct investigation of the influence 
of acute and extended exposure to cigarette smoke on the immediate immunological func¬ 
tions of alveolar macrophages in pulmonary defense; namely, the phagocytosis and; 
intracellular destruction of inhaled bacteria. By utilizing in vivo and in vitro 
Quantitative methods of studying phagocyte response to bacterial provocation, studies 
are planned to investigate several parameters of alveolar macrophage function, associate 
with its central role in pulmonary defense against inhaled bacteria in the normal sit¬ 
uation and during the inhalation of cigarette smoke. To this end, studies are planned 
to investigate the effect of smoke inhalation on the phagocytic and intracellular kill¬ 
ing activity under in vivo and in vitro conditions of bacterial challenge. Separate 
studies are detailed to assess the influence of cigarette smoke on macrophage mobil¬ 
ity and adhesiveness because they represent critical aspects in the in vivo mobiliza¬ 
tion of macrophages in response to- an airborne bacterial challenge and cigarette smoke. 
Additional studies are proposed to evaluate the influence of alveolar lining material. 
Secretory IgA and pulmonary secretions on antibacterial activity of alveolar macro¬ 
phages harvested from control and smoke-exposed animals. The information is needed to 
delineate the relative role of alveolar macrophages and secreted pulmonary fluids in 
pulmonary defense and to assess the relative susceptibility of each component to smoke 
inhalation. In addition, metabolic studies will be performed to assess the effect of 
cigarette smoke on ATPase activity, respiration, glucose metabolism, lactic acid pro¬ 
duction, catalase activity, peroxidase activity, hydrogen peroxide production, lipid 
composition, fatty acid composition, hydrolytic enzyme activity of alveolar macro¬ 
phages which underlie or are concomitant with normal antibacterial activity. This in- ' 
formation is desirable, since respiration, glucose metabolism, ATPase activity and 
• lipid metabolism' represent Important links in the successful mobilization and subse¬ 
quent antibacterial activity of alveolar macrophages. Indeed impaired' lipid metab¬ 
olism may compromise membrane phenomena associated with phagocytosis and; derangements 
of peroxidative metabolism and/or the intracellular distribution and activity of hy¬ 
drolytic enzymes may profoundly affect the bactericidal capacity of lung phagocytes. 

This fundamental approach supports the project's specific design to investigate: (a) 
the influence of acute and extended exposure to cigarette smoke on the immediate immun¬ 
ological function of alveolar macrophages in pulmonary defense against inhaled' bacteria 
and 1 (b) provide a better understanding of the relative role of alveolar macrophages in 
the cellular response cf the respiratory tract, in the normal situation and during the 
inhalation of cigarette smoke. • ; ...... . •. g if% 
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Materials and Methods j 

_ ' » 

X. Conditions of Bacterial Clearance Studies ; Since bacterial clearance | 

studies comprise a major part of the proposed research project, a review of the j 

method of aerosol formation, exposure and quantitative aspects of bacterial clear- 'j 

ance is indicated. Aerosols are generated from a buffered suspension (pH 7.3) of j 

staphylococci contained in 8 glass nebulizers; The initial spray from the nebulizers 
is directed into mixing chambers through which a secondary airflow of 100 cubic 
feet/nin. is drawn. The large volume of secondary air serves to mix, dilute and dry 
the initial bacterial aerosol; direct it past an interposed baffle for removal of 
large droplets; and then carry it through a large plexiglass exposure chamber that 
can accommodate up to 200 nice. The particle size distribution of the bacterial aero¬ 
sol is monitored with an Andersen Sampler. White male Swiss Webster mice are divided 
into groups of 8 to 10 animals and exposed to Staphylococcal aerosols for 30 nin. 
Immediately after exposure (0 time), one group of animals is sacrificed to determine 
the numbers of viable bacteria deposited in the trachea and lungs, respectively. The : 
trachea and lungs are removed as separate blocks and individually ground in' glass hom- 
ogenizers. The remaining groups of challenged mice are killed and processed 1 1$ min, 

30 min, 1 hr, 2 hrs and k hrs after aerosol exposure. Bacterial counts are obtained 
from nutrient agar pour plates of lung and tracheal tissue homogenates. By this method 
paired studies of lung and tracheal clearance of bacterial deposits are possible. By 
subtracting the mean number of culturable bacteria retained in the lung at each inter- { 
val during the post aerosol exposure period from the number originallydeposited (0 time); 
the mean number of staphylococci cleared by the lung may be derived. From these data i. 
lung clearance rates are calculated by expressing the number retained in the lung as a * 
percentage of the deposition number (0 time) and subtracting this value from lOOp. | 

Similarly, from the numbers of bacteria present in the trachea at 0 time and at various 
intervals after aerosol exposure, the number and percent bacteria cleared'by the trachea j 
may be obtained. I 


( ■■ 




II. Conditions of In Vivo Smoke-Exposure : It is apparent that meaningful studies 
of the influence of cigarette smoke on pulmonary resistance against inhaled bacteria , ; 
require strict experimental circumstances. The concentration and composition of the'" - { 
smoke must be controlled and clearly defined. Variations in smoke generation are in- j 
variably accompanied by changes in the amount of tar and may influence the concentration’ ; 
and/or composition of the volatile components of the gas phase. In addition, studies 
under in vivo and in vitro conditions of smoke exposure demonstrate the importance of a 
dose-response relationship in the interpretation of the biological effects of cigarette 
smoke on the major defense mechanisms of the lung; namely, mucociliary function and al¬ 
veolar macrophage activity. 



The smoke exposure system is schematically presented in Figure I. Puffed 
cigarette smoke generated from non-filtered, 70 mm cigarettes is drawn into a stainless 
steel mixing chamber and through a smoke exposure chamber by a secondary airflow of 
room air. Animals in the control chamber are exposed to puffed air drawn through an 
unlighted cigarette directed through a stainless steel mixing chamber by a secondary 
air flow. The smoke exposure and control chambers are made of transparent plexiglass 
which permit observations of animals during experiments. Trap doors located on the 
top of each chamber facilitate the introduction and removal of a li-tiered stainless M 
steel rack that accommodates liO mice housed in individual rubber mesh containers. The 
downstrem ends of the smoke exposure and control chambers are attached to separate - 

stainless steel evacuation chambers that are connected by a common cylinder to the neg- 
ative pressure 3ide of an air blower. Sampling ports located in the evacuation cham- 
ters permit the introduction of sampling devices into the exposure chambers to obtain • 
ata relative to the particulate and gas phases of cigarette smoke, temperature and - ~ 
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■relative humidity. The effluent from both the smoke exposure and control chambers 
is ultimately eliminated through a pipe inserted into an air duct that is vented 
outside the building. As shown in Figures 1A and IB, a continuous stream of puffed 
cigarette smoke is produced by an automatic smoke machine* designed to sequentially 
puff 30 cigarettes and adjusted to deliver a 35 ml puff of 2 seconds duration from 
each cigarette once every minute. The smoke generating apparatus consists of an 
index disc and wheel assembly programmed to position and maintain each' lighted cig¬ 
arette for 2 seconds at the intake port of the smoke aspirator. An airflow of 1.05 
liters per minute through the intake port was established by introducing compressed 
air at a rate of lli.O liters per minute into the air inlet of the smoke aspirator. 

Air flow into the air inlet of the smoke aspirator is measured with a calibrated 
rotometer and controlled by a needle point valve positioned between the air com¬ 
pressor and rotometer. The smoke exhaust of the aspirator is placed inside the open 
end of a stainless steel mixing chamber in which the cigarette smoke is further dilu¬ 
ted and directed across the smoke exposure chamber by a flow of room 1 air through the 
apparatus.' This secondary air flow is established by the air blower at the down¬ 
stream end of this apparatus. A rotometer and needle point valve are used to control 
the volume and rate of air flow. 

The aspirator was calibrated by taking simultaneous measurements of the 
air flow at the air inlet and smoke exhaust orifices with a rotometer, pneumotacho¬ 
graph, electronic amplifiers and recorders. From these data, the gas volume drawn 
through a cigarette positioned at the smoke intake port was derived. The relation¬ 
ship between the volume of air introduced into the air inlet and drawn through a 
lighted cigarette is plotted in Figure II. 


Separate studies were undertaken to obtain accurate determination of the 
volume and; flow rate of room air through the apparatus. For this purpose an oriffice 
meter and manometer were introduced into the evacuation chambers of the control and 
smoke chambers as indicated in Figure III. Simultaneous measurements taken with a 
manometer and rotometer provided the data plotted in' Figure IV. These results in¬ 
dicate that a secondary air flow of 30 to 100 liters per minute may be maintained in 
the smoke exposure chamber. 

The data obtained from the above experiments has provided the information 
and techniques necessary to: (a) define the conditions of smoke exposure during *“ 
studies of the influence of cigarette smoke on pulmonary resistance to infection. 

(b) standardize the conditions of smoke exposure from study to study, (c) assess 
the effect of different concentrations of cigarette smoke on alveolar macrophage and 
mucociliary function, (d) plan and implement a protocol to monitor the particulate 
and gas phases of cigarette smoke during animal studies and (e) assess the relative 
importance of the particulate and gas phases of cigarette smoke on host resistance 
to pulmonary infection. 


III. Conditions of In Vitro Smoke-Exposure : A commercial brand of non-filtered 
cigarette was- attached to a 30 . ml. syringe by a rubber tube and' smoke was produced by 
withdrawing the barrel of the syringe at a rate of approximately 18 ml. per second. 

Six successive "puffs" of cigarette smoke were introduced into the syringe and emptied 
by removing a rubber tube containing the lighted cigarette. The smoke from the sev¬ 
enth puff was introduced into the tissue culture flask with a sterile hypodermic 
needle. The protocol of each study included control flasks containing only bacteria 
and alveolar macrophages challenged with bacteria respectively. Under these condi¬ 
tions, both categories of tissue culture preparations t/ere exposed for 1.5 hours to 
whole cigarette smoke or whole smoke draw, through a glass fiber filter**. 


■ ^Progressive Engineering Co., Richmond, Va. _ . • 

** Cambridge glass fiber filter, Phipps and Bud, Richmond, Va. ■ ;■ V; 

vr'g'f I ^ 

source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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• IV'. In Vitro Fharocytosis System: Alveolar macrophages wore harvested from 
the lungs of rabbits- weighing 1.0 to 2.0 kg by pulmonary lavage. The animals were 
sacrificed by injecting air 5.nto the external marginal vein. The trachea and lungs 
were exposed and macrophages harvested by washing out the intact lungs two times 
with 17 ml of the suspending medium used in the in- vitro phagocytosis system 
(described below). The harvested cellular lung contents were recovered by centri¬ 
fugation at 2000 rpm for 20 min. Total cell counts were performed in a bright line 
hemacytometer, and differential counts made or. Wright stain smears. 


The harvested alveolar macrophages were suspended in Hank's solution, 
diluted to a final cell count, of 2.0 to It.0 x 10^ cells and transferred into 30 ml 
plastic tissue culture flasks. The total fluid volume in each flask was 3.0 ml con¬ 
taining 2.0 to U.O x 10^ macrophages, 2.0 to h.O x 10^ Staphylococcus aureus and 
normal rabbit serum at various concentrations in accordance with the protocol of 
each study. The pH of control and macrophage containing flasks was determined with 
a Beckman zeromatic pH meter immediately after inoculation and at the end of each in¬ 
cubation period. 


Quantitative studies of the phagocytic and intracellular killing activity 
of alveolar macrophages require the enumeration of the total number of viable bac¬ 
teria present in the extracellular fraction and macrophage fraction of each prepara¬ 
tion. In addition, the stability of the bacteria in the suspending medium as well as 
multiplication of extracellular bacteria must be monitored. For this purpose, con¬ 
trol flasks devoid of macrophages but containing suspending medium were included in 1 
the protocol of each experiment. In every study, several flasks containing macro- - I 
phages and control flasks were inoculated with bacteria. Immediately after bacterial ' ! 
challenge (0 time) and at various intervals after incubation at 37°C, replicate flasks ! 
were removed from the incubator and processed. The extracellular fraction was isolated - 
by removing the supernatant from the macrophage cultures with a pipette and washing i 

the macrophage monolayer 3 times with 2.$ ml of suspending medium. To recover the j 

macrophage fraction, cell monolayers were washed 3 times with 2.5 ml of sterile dis- j 

tilled water to lyse the macrophages adhering to the surface of the tissue culture } 

flask. To insure complete separation of the cells from the flask, 1 ml of glass beads 
was added after the addition of distilled water and shaken on a Vortex mixer for 1 min. 

The completeness of cell separation was confirmed by microscopic examination of the .• j 
tissue culture preparation. The contents of the control flasks were removed with a 
pipette and the flasks washed 3 times with suspending medium. The extracellular frac¬ 
tion, macrophage preparation and contents of control flasks were placed in an ice 
water bath and bacterial counts were obtained from nutrient agar pour plate incubated 
at 37°C for 2U hrs. Bacterial counts were taken from separate pairs of control and 
macrophage containing flasks immediately after introduction of S. aureus (0 hr.) and 
at various Intervals after incubation at 37°C. From the number of viable S. aureus 
present in the control flask (A) extracellular fraction (B) and macrophage fraction 
(C) at each' interval after bacterial challenge, the % bacteria phagocytized, % phago- 
cytized bacteria surviving within macrophages and 2 bacteria cleared by macrophages 
were determined as follows: 


(1) % phagocytized = A - B x 100 

A 


(2) % intracellular survival 


J.UU 


A - B 


(3) % killed = 


B ♦ C at each interval after bacterial challenge 

B + C at 0 hr. - • ••---• •••'. 


x 100 - 100j$ 


.-.MX-**- 


Separate studies were performed in which inactivation of intracellular 
bacteria was assessed independent of phagocytosis. For this purpose several macro- 
phage cultures were challenged with 5. aureus as described above for 30 min. At this 
time, the supernatant was discarded and the surface of each macrophage cultures washed 
with Hank's solution to remove all extracellular bacteria and thus terminate the phago¬ 
cytosis of additional bacteria. Bacterial counts were obtained in triplicate immedi- v 
ately after termination of phagocytosis and at various hourly intervals 

'^^^^^ource: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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Results 

X. Tha Influence of Acute Exposure to Puffed Cigarette Smoke on Pulmonary Clear- 
ance ~f~Inhalfid Staphylococcus Aureus Under In Vivo Conditions of Bacterial Challenge 
and Smoke-Exposure , 
i 

(A)' The Effect of Acuts Exposure to Cigarette Smoke on Tracheal and Lung Clear- 
ance; Large numbers of mice were exposed to aerosols of S. aureus for 30 minutes. 
Immediately after aerosol exposure one group of mice was sacrificed to determine the 
number of bacteria deposited in the trachea and lungs, respectively. The remainder 
of the bacteria—challenged mice were divided into smoke and control groups and ex¬ 
posed to cigarette smoke and a secondary air flow of room air, respectively. As 
shown in Table I, within 15 minutes after exposure to cigarette smoke, there was a 
2.5 fold decrease in the numbers of staphylococci culturable from the trachea, and 
this decrease in viable bacteria was observed with minor variation throughout the 
remainder of the U hour post aerosol exposure period. This effect was accompanied 
by an increase in the numbers of bacteria retained in the lung. At the end of 30 
minutes, the smoke exposed mice retained l.U times as many bacteria as controls. Bac¬ 
terial retention was further increased 2.1 to 2.5 times control numbers by the inhala¬ 
tion of cigarette smoke for 1 and U hours, respectively. As shown in Table II the 
effect of cigarette smoke on tracheal clearance was reversible. Within 3 hours after 
the termination of smoke exposure, bacterial counts obtained from the trachea of con-, 
trol and smoke exposed mice were not significantly different. 

Conclusions : Cigarette smoke altered the normal pattern of tracheal and lung 
clearance. Smoke inhalation resulted! in a decrease in the number ox bacteria present 
in the trachea and a concomitant increase in the number of viable bacteria retained 
in the lungs. The effect of cigarette smoke on tracheal clearance was reversible. 



(B) The Effect of Cigarette S m oke or. Basal Macrophage Yields : The effect of cig¬ 
arette smoke cn the numbers of alveolar macrophages harvested from the lungs of mice 
was studied by comparing the macrophage yields obtained from untreated mice (Basal 
Group), mice exposed to a secondary air flow (Control Group) and animals challenged . 
with puffed cigarette smoke diluted by a secondary air flew. The data presented in 
Table III demonstrates that cigarette smoke provokes a reproducible increase in macro- , 
phage numbers. The latter effect was found to be dose related. In addition, exposure 
to cigarette smoke for h hours did not adversely affect macrophage viability (Table IV). 


Conclusions : Smoke inhalation provokes a dose related increase in ; basal mac ro- iJ 
phage numbers and does not adversely affect cell viability . j 

' ! 

(C) The Effect of Cigarett e Smoke on the HobiM^ation of Alveol ar Macrophages in 
Response to 1 a. 1 Bacterial Challenge : For this purpose basal macrophage yields were ob- ; 

tained: from, untreated mice and the remainder were exposed to an aerosol of S. aureus 
for 30 minutes. Immediately after aerosol exposure one group of mice was sacrificed 
to determine the numbers of bacteria deposited in the lung and the remainder of the ; 
challenged mice were divided into Control and Smoke groups. As indicated in Tables V • 
and VI, the macrophage yields obtained from Control and Smoke exposed' mice were the * 
same over an entire h hour post aerosol exposure period. | 


Conclu sions: Smoke inhalation did not interfere with the mobilization of alveolar » 
macrophages in response to a bacterial challenge. ' ~ ...,,... .. ! 
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II, The Influence of Acute Exposure to Puff e d' Cigarette Smoke on the Antib?cterirJL 
Activity of Alveolar - Macrophages ; In Vivo Smoke-Exposure an d In Vitro factorial 
ChaliengcT : 

(A) I The Antibacterial Activity of Alveolar Macrophages Incubated in the Pulton - ! 
ar y Lavage 3o3utlbn Obtained From the Lungs of Control and Smoke-ExDosed Rain its : 

For this purpose, the lungs of smoke-exposed and control rabbits were washed with ! 

: - Hank’s solution containing 0.1# glucose and 2.5 % normal rabbit serum. The recovered 
lung lavage was then separated by centrifugation into an acellular fraction (pulmon¬ 
ary lavage solution) and a cellular fraction containing macrophages. In each study, 
the antibacterial activity of control nacrophage3 was evaluated after incubation for I 
1.5 hours in pulmonary lavage solution obtained from smoke-exposed and control animals. 

As shown in Table VII, incubation of control macrophages in control pulmon¬ 
ary lavage solution resulted in effective antibacterial activity. At the end of 1.5 
hours, the macrophage cultures phagoeytized 55^ and killed U0% of the staphylococci. 

In 1 contrast, control macrophages incubated' in pulmonary lavage solution obtained from 
smoke-exposed animals showed a 27£ decrease in the percent bccteria phagoeytized and 
a 25% decrease in the percent bacteria killed^ 

Conclusions ; The impairment of the antibacterial activity of alveolar macro¬ 
phages by cigarette smoke inhalation may be directly related to une presence or 
accumulation of H smoke productsin the lung . “ Sir.oke products 1 - nay exert tneir ad- - 

verse effect on the alveolar macrophage defense system'directly by compromising the * 

antibacterial'capacity of existing, macrophages or inairectly by altering the immeciTate 
environment in which' macrophages perform their phagocytic function . ; 

(B) ’ The-Effect.of'Cigarette Smoke on the Antibacterial Activity of Alveolar Macro ¬ 
phages : - . In Vivo Smoke -Exposure ■ rj.d In Vitro bacterial Challenge , in orcer to 

C compare the antibacterial activity of smoke-exposure ana control raobits, experimental 
and control animals were exposed to puffed cigarette smoke and the secondary air flew, 
respectively, for 1.5 hours. At this time, alveolar macrophages harvested on both 
categories of animals were placed in tissue culture flasks and immediately challenged 
with S. aureus . Other studies were performed to determine if changes in the antibac¬ 
terial activity of macrophages harvested from smoke-exposed animals were reversible. 

The reversibility studies were performed undar two different experimental recovery con¬ 
ditions. In one series of studies, macrophage harvests from smoke-exposed animals were 
incubated in tissue culture flasks for 1.5 hours (in vitro recovery) prior to bacterial 
challenge. In the second'study series, in vivo circumstances of recovery were estab¬ 
lished. Rabbits were first exposed to cigarette smoke for 1.5 Hours and then placed 
in a smoke-free room for another 1.5 hours. At this time, the macrophages were har¬ 
vested' and challenged with' staphylococci. Appropriate controls were included in every 
study. As shown in Table VIII, the antibacterial activity of alveolar macrophage 3 
harvested from animals exposed to whole cigarette smoke for 1.0 and 1.5 hours, respect¬ 
ively, was impaired. The data presented in Table IX clearly demonstrates that the ad¬ 
verse effect of cigarette smoke on the antibacterial activity of alveolar macrophage 
was reversed by incubation in a smoke-free tissue culture flask for 1.5 hours prior 
to bacterial challenge (in vitro conditions of recovery)'. Similarly, as shown in Table 
X, the smoke effect was reversible under in vivo conditions of recovery; specifically, 
the alveolar macrophage harvested from smoke-exposed animals housed in a smoke-free 
room for 1.5 hours prior to macrophage harvest phagoeytized and destroyed staphylo¬ 
cocci as effectively as macrophages from control animals. 

C Conclusions : Exposure of alveolar macrophages to whole cigare tte smoke under in 

vivo conditions of smoke-exposure caused! r.n impairment of the antihacteriaTlibtivtty 
of alveolar macrophages that-was; reversible within hours . 

* % changes in antibacterial activity of smoke-exposed macrophages derived as follows: 
fi phagocytosis by control minus % phagocytosis by smoke-exposed; # killed by controls minus 
% killed by smoke-exposed macrophages. 
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1 The Effect of Multiple Washings, of Alveolar Macrophages Harvested frcm 
Smoke -Ex pose d Animals on Cigarette Smoke Induced Ch arges in Antibacterial Activity : 
'Studies of - the reversibility of the adverse effect of cigarette smoke on macrophage 
function' were performed under in vitro condition of recovery. Macrophages harvested 
from smoke-exposed and control animals were' washed three times with Hanks' solution 
and than challenged with S. aureus . In addition, each study also included macrophage 
harvests from both categories of animals that were not washed prior to bacterial chal¬ 
lenge. As shown in' Table XI, compared to unwashed controls, the percent bacteria 
phagccyt-ized by unwashed macrophages harvested from smoke-exposed animals was decreased 
22 %, the percent intracellular survival of phagocytiaed bacteria was increased 26%, and 
the percent bacteria killed decreased 25%. In contrast, the alveolar macrophages from 
smoke-exposed animals washed prior to bacterial challenge showed the same phagocytic 
and bactericidal powers as macrophages harvested from control animals. 


Conclusions : Multiple washing of alveolar macrophage harvested from smoke-exposed 
animals comp letely reversed the adverse effect of smoke inhalation on macrophage func ¬ 
tion". ~ 


III. The Effect of Cigarette Smoke on the Antibacterial Activity* of Alveolar Macro ¬ 
phages : In Vitro Smoke-Exposure and In Vitro Bacterial Challenge : For this purpose 
alveolar macrophages harvested from untreated rabbits were placed in tissue culture 
flasks containing Hanks' solution supplemented with 0.1% glucose and 2.5% normal rab¬ 
bit serum. In one series of studies, 8 ml. of cigarette smoke from a commercial brand 
of non-filtered cigarette, were introduced and maintained for 1.5 hours immediately 
after bacterial challenge. Under these conditions, studies were performed to deter¬ 
mine the influence of alveolar macrophage numbers on the bactericidal capacity of an 
in vitro antimicrobial system during smoke-exposure. In a second series of studies, 
macrophage cultures were first exposed to cigarette smoke for 1.5 hours, and then chal¬ 
lenged with bacteria. Cigarette smoke was introduced as an experimental condition by 
subjecting macrophages to either 8 ml. of whole smoke or Hanks' solution exposed to 
2 ml. of whole smoke for 1.5 hours prior to use as a culture medium. Under these cir¬ 
cumstances of smoke-exposure, studies were performed to determine if changes in the 
antibacterial activity of smoke-exposed macrophages were reversible. In' addition, 
"detoxification" studies were carried out to determine the ability cf alveolar macro¬ 
phages to eliminate constituents of smoked Hanks' solution that depress antibacterial 
activity. 

(A)' The Influence of Macrophage Numbers on the In Vitro Antibacterial Activity 
o f Alveolar Macrophages During Smoke-Exposure : Studies were performed' in which macro¬ 
phage-bacterium ratios (M/B) of 2:1, 3:1 and ii:1 were established by challenging U x 
10 ®, 6 x 10°, 8 x 10® macrophages, respectively, with 2 x 10'b staphylococci. 




r 
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The data presented in Table XII indicate the following: (1) at each macro¬ 
phage-bacterium (>t/B) ratio studied, exposure to 8 ml. of cigarette smoke interfered 
with the phagocytosis and intracellular destruction of bacteria and (2) as the ratio 
of macrophages to bacterium' (M/B) is increased', there is a significant decrease in 
the adverse effect of 8 ml, of cigarette smoke on the antimicrobial properties of al¬ 
veolar macrophages. As shown in Table XII, at a M/3 ratio of 2:1, the percent bac¬ 
teria killed by smoke-exposed 1 macrophages was decreased 27% compared to corresponding 
controls. In contrast, at M/B ratios of 3:1 and' U:l, the percent staphylococci killed 
by smoke-exposed macrophages was decreased 20% and 12;%, respectively. 


Conclusions : The presence of increased numbers of macrophages reduces or 
limits the adverse effect of cigarette smoke on alveolar mac rophage function in an 
in vitro antimicrobial system^ ~~ " “ 




* % changes in antibacterial activity of smoke-exposed macrophages derived as follows: 

,> phagocytosis by control minus % phagocytosis by smoke-exposed; % killed by controls 

minus % killed by smoke-exposed macrophages. . : : v —•-/.fV; 

. 
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(B) jiTh e Action of Alveolar Macrophages on the "Toxic 11 Components of Smoked f 

Hanks' Solution: A smoks solution was prepared by introducing 2 ml. of whole smoke 
"into 30 ml. tissue culture flasks containing 3 ml. of Hanks ' solution supplemented 
with 0.1# glucose and 2.5# normal rabbit serum. Alveolar macrophage harvests obtained 
from several rabbits were pooled and used in experiments specifically designed to pro¬ 
vide the following information: (1) the effect of a smoke solution on the antibac¬ 
terial activity of alveolar macrophages, (2) the reversibility of changes in macro¬ 
phage function induced by the smoke solution and (3) the effect of alveolar macrophages 
on the constituents of a smoke solution that may influence antibacterial activity. ;-:J : 
This was accomplished by assessing the antibacterial activity of alveolar macrophages 
under the following conditions of bacterial challenge: (A) Experimental Conditions > 
I - In order to investigate the immediate toxic effect of the smoke solution on anti- ' l 
bacterial activity, macrophage cultures were exposed to smoked Hanks 1 solution and | 

S. aureus introduced simultaneously and maintained for 1.5 hours, (B) Experimental Con- j 

ditions II - Reversibility studies were performed in which macrophage cultures were j 

first exposed to smoked Hanks' solution for 1.5 hours. At this time, the smoke solu¬ 
tion was removed by pipette and set aside for future use . The macrophage cultures 
were then provided with fresh unsmoked Hanks' solution and challenged with staphylo¬ 
cocci for 1.5 hours and (C) Experimental Condition III - To study the influence of al- # ; 

veolar macrophage activity on the components of a smoke solution that affect macrophage 
function, macrophage cultures were challenged with S. aureus during incubation in the 
smoke solution previously set aside after recovery from the tissue culture flasks de- :* 
scribed in Experimental Condition II. The bacteria and recovered smoke solution were ,/• 
introauced simultaneously and maintained for 1.5 hours. 


The data presented in Table XIII indicates that smoked Hanks' solution caused 
an irreversible impairment of the antibacterial activity of alveolar macrophages. As 
shown in Table Xin(Experimental Condition I) compared to controls, macrophage cultures 
exposed to smoked Hanks' solution and S. aureus simultaneously, showed a 16# decrease 
in the percent bacteria phagocytized arid an lb# decrease in the percent bacteria killed 
Comparable results irere obtained with macrophage preparations exposed to smoked Hanks' 
solution for 1.5 hours and then challenged with bacteria in unsmoked Hanks' solution 
(Experimental Condition II). The data also demonstrates that smoked Hanks' solution 
previously used as a suspending medium for alveolar macrophages loses its ability to 
impair antibacterial activity. As shown in Table XIIT(Experimental Condition III) 
macrophages challenged with bacteria in smoked Hanks' solution previously subjected 
to alveolar macrophage activity for 1.5 hours, phagocytized and destroyed staphylococci 
as effectively as control macrophages. 



V 


Conclusions: Smoked Hanks' solution caused a marked impairment of the anti - 
ba cter'lal capacity 01 ' alveolar macrophages. This toxic effect is eliminated' by sub ¬ 
jecting smoked Hanks' solution to alveolar macrophage activity. It appe ars reasonable *1- 
to assume that alveolar macrophages are capable of reduci n g or elim inating the water 
soluble constituents of the gas and7or particulate phase of whole cigarette smoke re ¬ 
sponsible for depressed antibacterial activity, in vitro. 'Whether this effect repre ¬ 
sents physical adsorption of snoks products on the surface of macrophages o~r phago - 
cytic removal and ultimate detoxification of smoke products by alveolar macro phages 
remains unclear. 


(C The Influence of Serum Factors on Macrophage Function During Smoke-Exposure : . 
For this purpose, alveolar macrophages harvested from untreated rabbits were incubated 
in tissue culture flasks containing Hanks' solution with and without 0.1# glucose con¬ 
taining various concentrations of normal rabbit serum. Cigarette smoke from a corcmer-V 
cial brand of non-filtered cigarettes was introduced immediately after bacterial chal- vv 
lenge ( S, aureus ). As shown in Table XIV, the efficacy of macrophage function during “T 
smoke-exposure is influenced by the concentration of serum in the suspending medium, 
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In Hanks' solution (0.1$ glucose) containing $.0% serum, the antibacterial activity 
of alveolar macrophages was not adversely affected by introducing 1, 2, li and 8 ml. 
of whole cigarette smoke immediately after bacterial challenge. However, at a serum 
concentration of 2.5$, 8 ml. of smoke suppressed antibacterial activity. Under cul¬ 
ture conditions in which the serum concentration was reduced to 1.0$ and 0.5£ the * 
antibacterial activity of macrophages was reduced by the presence of h and 8 ml. of 
cigarette smoke. Studies in which the concentration of serum wa3 varied have also 
been performed with Hanks' solution without glucose (Progress Report Ho. 1). Under 
these conditions, serum exerted the same influence on macrophage function during smoke 
exposure as noted above. • 

* 

Conclusions ; The efficacy of macrophage function during smoke-exposure was not 
affected by the absence or presence of added glucose in the culture medium but was 
influenced by the concentration of serum in the suspending medium . 

(D)' The Effect of Prior Exposure of Macrophages to Cigarette Smoke on Antibac¬ 
terial Activity : To assess the effect of pre-exposure to whole cigarette smoke on 
macrophage function, macrophage cultures were exposed to cigarette smoke for 1.5 hours 
and then challenged with bacteria. Under these circumstances of smoke-exposure,studies 
were also performed to determine if changes in the antibacterial activity of smoke-ex¬ 
posed macrophage were reversible under in vitro conditions of recovery, namely, in¬ 
cubation' of smoke-exposed tissue culture preparations in smoke-free environment prior 
to bacterial challenge. For this purpose, macrophage cultures were exposed to whole 
cigarette smoke for 1.5 hrs. At this time, the tissue culture flasks were flushed 
out with sterile room air and the culture media was removed with a pipette. Fresh 
media was then added to the tissue culture flask and the macrophage cultures were then 
incubated for 1.5 hours in the absence of smoke prior to bacterial challenge. The 
data presented in Tables XV and XVI clearly demonstrates that prior exposure to 8 ml. 
of whole cigarette smoke caused an impairment of phagocytosis and bacterial killing 
• that was net reversed by introducing an interim period of incubation in a smoke-free 
environment prior to bacterial challenge. 

Conclusions : Exposure of alveolar macrophages to whole cigarette smoke under 
in vitro conditions of smoke-exposure caused an. irreversible impairment of phagocytic 
and bactericidal powers of alveolar macrophages . 

(E) The Effect of Multiple V, T ashings of Smoke-Exposed Alveolar Macrop hages on 
Cigarette Smoke Induced Changes in Antibacterial Activity : Studies of the reve'rsib- 
. liity of the adverse effect of cigarette smoke on mccropnage function were performed 
under in. vitro conditions of recovery. The macrophage cultures were first exposed 
to cigarette smoke for 1.5 hours. At this time, the tissue culture flasks were 
flushed out with sterile room air, the culture media removed and the adhering macro¬ 
phages washed 3 additional times with Hanks' solution. Fresh Hanks' solution'was 
then added to the tissue culture flasks and the macrophage cultures challenged 1 with 
S. aureus for 1.5 hours in the absence of cigarette smoke* 

The data presented in Table XVII clearly demonstrate that prior exposure to 
cigarette smoke caused an impairment of.phagocytosis and bacterial killing that was 
partially, but not totally, reversed by multiple washing of smoke -exposed°macrophage 
cultures. As shown in Table XVII, compared to appropriate controls, the percent bac¬ 
teria killed by unwashed and washed smoke-expesed macrophages was decreased 29% and 
19%, respectively. 

Conclusions : Multiple washing of alv eolar macrophages after smoke-exposure 
reduces but does not totally reverse the adverse "effect of cig arette smoke on macro¬ 
phage function. ~ ---- 
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• (.p) The Effect of Filtered Cigarette Smoke on the Antibacterial Activity of 

Alveolar Macrophages: Studies were performed with macrophage cultures exposed to 
whole cigarette smoke drawn through a glass fiber filter disc*-#. The filtered smoke 
was introduced immediately after bacterial challenge and maintained for 1.5 hours. 

As shown in Table XVIII, 8 ml. of filtered cigarette smoke caused less of an impair¬ 
ment of macrophage function than 8 ml. of whole smoke. In addition, 8 ml. of filtered 
cigarette smoke did not interfere with phagocytosis but impaired intracellular de¬ 
struction of ingested bacteria. The data also indicates that 16 ml. of filtered smoke 
were required to produce the same interference of phagocytosis and bacterial destruc¬ 
tion caused by exposure of macrophage cultures to 8 ml. of whole smoke. 

Conclusions t Removal of the particulate phase of whole smoke reduced the 
t oxic effect of cigarette smoke on the antibacterial activity of alveolar macrophages . 
The particulate and gas phases of whole smoke may have distinct effects on: macrophage 
function . 

IV. The Influence of Extended Exposure to Puffed Cigarette Smoke on Pulmonary Defense 
against Inhaled Staphylococcus aureus under In Vivo Conditions of Bacterial Chal^ 
lenge and Smoke-Exposure : ~ t 

(A) The Effect of Cigarette Smoke on Lung Clearance : For this purpose experi¬ 
mental and control mice were first exposed to cigarette smoke and a secondary air flew 
of room air and then challenged with aerosols of Staphylococcus aureus for 30 minutes. 
Immediately after aerosol exposure groups of smoke-exposed and control mice were sacri¬ 
ficed to determine the number of bacteria deposited in their lungs. The remainder were 
killed 1 hour and b hours after bacterial challenge to ascertain the number of viable 
bacteria remaining in the lungs of smoke-exposed and control mice. These studies were 
performed immediately after daily exposure to cigarette smoke for 1 hour for 3, 5 > 10 
and 1$ days. As shown in Table XIX, exposure to cigarette smoke for 15 days caused 
an impairment of 1 hour clearance; control animals cleared bQ% of the bacteria and 
smoke-exposed 2B%. In contrast, the b hour clearance rates of control and smoke-ex¬ 
posed were comparable; 8>b% and respectively. Comparable results were obtained 

in studies in which mice were exposed to cigarette smoke for 3, 5 and 10 days (Tables 
XX - XXII). 


Conclusions: Exposure to Cigarette Smoke caused an impairment of bacterial 
clearance that was reversible within hours: " 



•(B) The Effect of Cigarette Smoke on' Basal Macrophage Yields : The effect of 
cigarette smoke on the numbers of alveolar macrophages harvested from the lungs of 
mice was studied by comparing the macrophage yields obtained from mice exposed to a 
secondary air flow (Control Group) and mice challenged daily for 1 hour with puffed 
cigarette smoke for 15 days. The data presented in Table XXIII demonstrates that 
smoke inhalation provoked a 2.6 fold increase in macrophage numbers and did not ad¬ 
versely effect cell viability (Table XXIV), 

Conclusions: Smoke inhalation caused a marked increase in basal macrophage 
numbers and did not adversely effect cell viability . 

(C) The Effect of Cigarette Smoke on the Mobilisation of Alveolar Macrophages 
in Response to a Bacterial Challenge : These experiments were performed' with control 
and experimental mice exposed to a secondary airflow and puffed cigarette smoke daily 
for 1 hour for 15 days. Basal macrophage yields were obtained from groups of control 
and^smoke exposed mice and the remainder were exposed to an aerosol of S*. aureus for "•!§§&•! 
30 minutes. Immediately after aerosol exposure separate groups of control and smoke- 'iG'-i.j 
exposed animals were sacrificed to determine bacterial deposition and mobilised macrophage. 
' ■ :■ ... "■■■;/.. .. -uv r cy.•. 
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'yields. As shown in Table XXV, the mobilized macrophage yields obtained from 
control and smoke exposed animals immediately after bacterial challenge were com¬ 
parable. . 


Conclusions : Extended exposure to cigarette smoke did not mitigate the mobil ¬ 
isation of alveolar macrophages in response to a bacterial challenge . • ~ . 

(D) The Effect of Cigarette Smoke on the Antibacterial** Activity of Alveolar . ’ 
Macrophages : In order to compare the antibacterial activity of smoke-exposed and " /y 
control rabbitsjexperimental and control animals were exposed daily for 1.0 hour to 
cigarette smoke and a secondary air flow, respectively, for 1 $ days. Alveolar macro¬ 
phage harvests from both categories of animals were treated as follows: washed five 
times with Hanks' solution, placed in tissue culture flasks containing Hanks' solu¬ 
tion and 2.$% normal rabbit serum and challenged with S. aureu s. As shown in Table ' 
XXVI, alveolar macrophages harvested from smoke-exposed macrophages phagocytized and 
destroyed staphylococci as effectively as macrophages from control animals. . 


Conclusions : The antibacterial activity of alveolar macrophages harvested from 
smoke-exposed animals and washed several times- prior to bacterial challenge was un - . 
impaired! ’ 
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** i> changes in antibacterial activity of smoke-exposed macrophages derived as 
follows: % phagocytosis by control minus % phagocytosis by smoke-exposed; £ killed . 
by controls minus % killed by snoke-exposed macrophages* ,V\ 
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. Details of Experimental Design and Procedures: (Cited references on pages , 

to 2A-33). ‘ | 

(I) Methods of Procedure : j 

A. Smoke-Exposure System : A smoke generating apparatus is used to deliver 
puffed cigarette smoke under controlled conditions. In the studies proposed herein, 
the apparatus will be adjusted to deliver a 35 ml puff of 2 seconds duration from’a 
commercial brand of non-filtered cigarettes. The time interval between puffs from 

a single cigarette will be set at £8 seconds. The instrument is equipped with a 
rotating disc which can accommodate 30 cigarettes at one time, so that it is possi-.l*. 
to maintain a continuous stream of puffed smoke generated at a rate of 1 L/min. Th * 
initial smoke delivered by the cigarettes is diluted and transported across an anl-.^j. 
exposure chamber by a secondary air flow. Control animals are placed in a plexigl;.** 
chamber and exposed to a secondary air flow. These are the same conditions of srr.o.<* 
exposure used to assess the influence of acute and extended exposure to puffed cig¬ 
arette smoke on bacterial clearance and alveolar macrophage function in 1 studies re¬ 
ported under Supporting Data, pages2A-7 to 2A-8. In studies with filtered cigarette 
smoke, the smoke generating apparatus will be modified to include the insertion cz % 
glass fiber filter disc*-. A gas partitions will be used to monitor the total hydro¬ 
carbon content in the smoke-exposure chamber. The tar concentration of smoke will 
determined by established methods. Air samples from the smoke exposure chamber will 
be collected on filter paper, weighed, extracted in alcohol and subjected to spectrc- 
photometric assay. - 

B. Conditions of Animal Smoke-Exposure : Animals will be exposed daily for 
1.0 hour /for 3 weeks to whole cigarette smoke or cigarette smoke passed through a 
glass fiber disc. The maximum number of total days of smoke-exposure planned over 
the entire 3 week study period is 15 days. However, total days or daily length of 
smoke-exposure will be reduced if toxicity, animal death or bacterial contamination 
of broncho-pulmonary tissue,are noted. The daily length of exposure corresponds to 
the smoke-exposure periods previously used to study the effect of acute exposure to 
cigarette smoke tracheal clearance, lung clearance and alveolar macrophage activity. 
Under these conditions, it will be possible to determine the effect of whole and 
filtered cigarette smoke on pulmonary defense and to correlate these observations 
with the data obtained to date under conditions of acute and extended exposure to 
cigarette smoke (see Supporting Data, pages 2A-3 to 2A-5 )• The proposed protocol is 
similar to that used by LaBelle et al (1) to study the effects of acute and extended 
exposure to cigarette smoke on pulmonary clearance of radioactive test particles. 


C. Bacterial Aerosol Exposure Unit : Since bacterial clearance studies com¬ 
prise a major part of the proposed research project, a review- of the method of aerosol 
formation, exposure and quantitative aspects of bacterial clearance is indicated. Aero¬ 
sols are generated from a buffered suspension (pH 7.3) of staphylococci contained in : 
glass nebulizers. The initial spray from the nebulizers is directed into mixing cham¬ 
bers through which a secondary air* flow of ICO cubic feet/rain is drawn. The large 
volume of secondary air serves to mix, dilute and dry the initial bacterial aerosol: 
direct it past an interposed baffle for removal of large droplets; and then carry it 
through a large plexiglass exposure chamber that can accommodate up to 200 mice. Thr 
particle size distribution of the bacterial aerosol is monitored with an Andersen 
Sampler (2). White male Swiss Webster mice are divided into groups of 5 to 10 animals 
and exposed to Staphylococcal aerosols for 30 min. Immediately after exposure (0 ti~**\- 
one group of animals is sacrificed to determine the numbers of viable bacteria depcs- 
ited in the trachea and lungs, respectively. The trachea and lungs are removed as 
separate blocks and individually ground in glass homogenizers. The remaining groups 
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of challenged r.ic.e are killed and processed 15 min, 30 rain, 1 hr, 2 hrs and U hrs t 

after aerosol exposure. Bacterial counts are obtained from nutrient agar pour ? 

plates of lung and tracheal tissue homogenates. By this method paired studies !; 

of lung and tracheal clearance of bacterial deposits are possible. By subtracting { 

the mean number of culturable bacteria retained in the lung, at each interval during { 

•the post aerosol exposure period from the number originally deposited (0 time), the : 

mean number of staphylococci cleared by the lung may be derived. From these data 
lung clearance rates are calculated by expressing the number retained in the lung 
as a percentage of the deposition number (0 time) and subtracting this value from 
100%. Similarly, from the numbers of bacteria present in the trachea at 0 tine and 
at the same intervals after aerosol exposure, the numbers and percent bacteria cleared 
by the trachea may be obtained. 


D. Harvesting of Alveolar Macrophages : In order to correlate macrophage 
activity with bacterial clearance, a method has been developed in this laboratory 
for harvesting alveolar macrophages from the murine lung (3,li). Mice are sacri¬ 
ficed and the trachea and: lungs exposed. The intact lung is washed by 5 successive 
1.0 ml washes with Hanks' solution and the harvested cells recovered by centrifu¬ 
gation. By this method, it is possible to obtain 1.0 to 2.0 x 1CK macrophages from 
each mouse's lung with 90% viability. Total cell counts are performed in a bright 
line hemocytometer and differential counts are made on fright stained smears. Cell 
viability is assessed by the capacity of alveolar macrophages to reject the stain 
Eosin I. The number of alveolar macrophages that are available in harvest by this 
technique under basal conditions is referred to as a basal yield. Therefore, mobil¬ 
ization is taken to represent the increase in macrophage numbers over basal levels 
harvestable from the lungs after a bacterial challenge. The mobilization of alveolar 
macrophages may be quantitated by this technique. Studies completed in our laboratory 
to date indicate that macrophage yields are increased 1.5 times basal levels after 
exposure to aerosols of a phosphate buffer or dead Staphylococcus aureus (U), and 
2 to 3 times basal levels in‘response to aerosols of viable S. aure us (3,14 ) . During 
the post-aerosol exposure period there is an initial drop in' macrophage numbers but 
elevated levels are restored in 30 min. and this increase is maintained for U hours 
(U). This sustained' response is blocked by alcohol, but not by acute exposure to 
cigarette smoke (h,3) (See Supporting Data, pages2A-3to2A-5)♦ - 


Alveolar macrophages are harvested from the lungs of albino rabbits weighing 
1.0 to 2.0 kilograms by the general method of Kyrvik et al (5). The animals are 
killed by injecting air in the marginal ear vein. This method of sacrificing animals 
is used to avoid any depressant effects that anesthetics may have on alveolar macro- 
phage function. The trachea and lungs are exposed, and macrophages harvested by wash¬ 
ing out the intact lungs with 17 ml. of Hanks' solution. The harvested cellular con¬ 
tents of the lungs are recovered by centrifugation at 2000 rpm for 20 minutes. Total 
cell counts are performed in a bright line hemocytometer, and differential counts are 
mads on Wright stain smears. By this method, 99% of the macrophages harvested are 
viable as determined by the Eosin I technique (6). j 


E. Acellular Fractions of long Harvests : Recent studies suggest that secreted 
fluids present in the bronchopulmonary tree may independently or in concert with al¬ 
veolar macrophages play a' significant role in pulmonary defense against inhaled bac¬ 
teria. In this regard, alveolar living material (AIM) has been reported to enhance 
the bactericidal activity of rat alveolar macrophages (7). Secretory IgA is present ! 
in the tracheobronchial washing of normal patients (8) and has the capacity to kill 
Escherichia coli (5) and inhibit the adherence of certain strains of Streptococci to •? 
epithelial tissue (10). For these reasons, the acellular fractions of lung harvests 
(AC?’) will be collected, concentrated. Secretory IgA levels monitored and AIM isolated. 
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In addition^ the antibacterial and phagocytosis properties of concentrated 
acellular f raction and AIM against S. aurcua will be assessed in the phagocytosis oyster: 
detailed on page 2A-?. These studies will be performed with acellular fractions 
of lung harvests obtained from control and smoke-exposed animals. 

The method of LaForce et al (7) will be used to isolate alveolar lining 
material from the lungs of rabbits. Rabbits are sacrificed by injecting air in the 
marginal ear vein and the trachea and lungs are exposed. The trachea is canulated 
with a *sterile polyethylene tube, and (0 ml of sterile heparinized saline (10 units 
per ml) are introduced in the lung and recovered by aspiration. The recovered 
bronchoalveolar saline lavage fluid is centrifuged at 600 g for 8 minutes; the 
supernatant decanted and saved. The cell free supernatant is centrifuged at U0,000 g 
at li^C for 20 minutes. The recovered precipitated pellet represents the alveolar 
lining material or surfactant fraction (11). 

In order to study, the antibacterial and phagocytosis promoting character¬ 
istics of the entire acellular fraction of lung harvests, bronchoalveolar saline 
lavage fluid recovered from rabbit lungs will be initially concentrated by ultra- 
filtration (Diaflow Membranes, Amicon Corp) and fractionated by gel column chroma¬ 
tography. 

The presence of Secretory IgA (SlgA) in bronchoalveolar washings will be 
monitored by double immunodiffusion (12) against anti-SIgA and anti-secretory piece 
sera. SlgA levels will be quantitated by single radial immunodiffusion (13) utiliz¬ 
ing anti-SIgA serum impregnated in the agar gel and SlgA as the antigen standard. 

The SlgA antigen standard will be prepared from clarified colostrum (1U). The latter 
procedure includes: (a) separation by gel chromatography and further purification by 
anion-exchange chromatography using a stepwise elution gradient of phosphate buffers 
of varying ionic strengths. The purity of SlgA will be assessed by disc electro¬ 
phoresis ( 15 ). 

— (II) Details of Experimental Design of Proposed Research Plan : In keeping 
with the intended purpose of the proposed research, a series ol' studies are planned 1 
to evaluate the effect of extended exposure to whole and filtered cigarette smoke 
on tracheal and lung clearance of bacterial deposits. All studies 'will be performed 
under in vivo conditions of smoke-exposure. 

A. Paired Observations of Tracheal and Lung Clearance : For this purpose, 
experimental and control mice will be first exposed to cigarette smoke and a secondary 
air flow, respectively, and then challenged with aerosols of S. aureus for 30 minutes. 
Immediately following aerosol exposure (0 time) some of the smoke-exposed and control 
animals will be sacrificed to determine the number ox bacteria initially deposited 
in their trachea and lungs. The remainder will be killed 15 miny 30 min, 1 hr, 2 hrs 
and ; 1; hrs after bacterial 1 challenge to ascertain the number of viable bacteria remain¬ 
ing, in the trachea and lungs of smoke-exposed and control Mies. From this data, it 
is possible to calculate the rate at which bacteria are cleared from the trachea and 
lungs. These studies vri 11 be performed in mice exposed daily for 1.0 hours to cig¬ 
arette smoke over a 3 week period. Tracheal ana lung clearance rates will be measured 
immediately following and 2a to h8 hrs after daily exposure to cigarette smoke for 
15 days. The following specific information*is sought from these studies: (a) the 
effect of extended exposure tc whole and filtered cigarette smoke on* tracheal and 
lung clearance of bacterial deposits and (b) the reversibility of any adverse change 
in clearance rates attributable to smoke-exposure. Since this aspect of the proposed 
research* will be completed by the end' of the current grant support, a limited number 
of clearance studies will be performed to audit the conditions of smoke exposure 
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established in the alveolar macrophage studies detailed in the current grant 
proposal and to correlate the data obtained from these observations with the 
clearance and' macrophage data compiled to date (See Supporting Bata, pages 2A-3 

to2A-5). 


B. Alveolar Macrophage Activity ; These studies will be performed under the 
same conditions of smoke-exposure used to assess the effect of extended exposure to 
whole and filtered cigarette smoke on tracheal and lung clearance. In this regard, 
mice and/or rabbits will be exposed daily for 1.0 hrs to cigarette smoke over a 3 week 
period and alveolar macrophage activity will be assessed immediately following and 
2U-U8 hrs after daily exposure to smoke for 15 day3. 
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(1) Phagocytosis and Intracellular Killing Activity : Studies will be performed ; 
to determine the effect of extended exposure to whole and filtered cigarette smoke on 
the antibacterial activity of alveolar macrophages in the intact and functioning lung. ; 
For this purpose, large numbers of experimental and control mice will be first exposed 
to cigarette smoke and a secondary air flow, respectively, and then challenged with 
staphylococcal aerosols for 30 minutes. Immediately after bacterial challenge (0 time) 
and at hourly intervals during a U hour post-aerosol exposure period, alveolar macro- # 
phage harvests obtained from smoke-exposed and control animals are processed as follows: 
bacterial counts are obtained from an aliquot of the total lung washout and the re- | 

mainder is separated by differential centrifugation at 1500 rpm for 15 min into a 
supernatant fraction containing free bacteria and a cellular fraction ladened with al¬ 
veolar macrophages and phagocytized bacteria. The number of viable bacteria present 
in each fraction is determined by a standard pour plate technique. The decrease in the 
number of viable bacteria present in the total lung washout, as a function of time, is 
used as an index of the clearance rate of the lung sample obtained by the lavage tech¬ 
nique. Similarly, a decrease in the viable counts of the supernatant and cellular frac¬ 
tions as a function of time, are used as s. measure of the quantitative phagocytic and 
intracellular killing activity, respectively, of alveolar macrophages. These studies 
will be performed under the same conditions of smoke-exposure as used to assess the 
effect of extended exposure to whole and filtered cigarette smoke on bacterial clear¬ 
ance. In this regard, antibacterial activity will be assessed immediately following 
and 2k hours after daily exposure to cigarette smoke for 15 day3. Under these condi¬ 
tions it will be possible to compare the effect of whole and filtered cigarette smoke 
on the antibacterial activity of macrophages under in vivo conditions of bacterial chal¬ 
lenge and to assess tho relative influence of the particulate and gas phases of smoke 
on this important parameter of macrophage function. The protocol v/ill also permit an 
assessment of the reversibility of any impairment in phagocytic and bactericidal powers 
that may occur as a result of exposure to cigarette smoke. 


.hi 


In a separate series of studies, alveolar macrophages harvested from 1 smoke-ex¬ 
posed and control mice and rabbits will bo challenged with S. aureus in an in vitro 
phagocytosis system. The methods, procedures and details of the in vitro phagocytosis 
are presented in detail in the Methods and Materials Section of Supporting Data, page. 
2A-9. : Fixed numbers of staphylococci are added' to known numbers of macrophages 

adhering to the flat surface of a tissue culture flask containing Hanks' solution 
(0UJS glucose). Immediately after bacterial challenge and at various intervals there¬ 
after, the extracellular fraction containing free or unphagocytiized bacteria is isolated 
by removing the supernatant fluid from macrophage cultures with a pipette. To recover 
the macrophage fraction, the tissue culture flask is vigorously shaken after adding 
glass beads and distilled 1 water. Bacterial counts are obtained from each fraction by 
a standard pour plate technique. By this method, it is possible to determine the per- -•* 
cent bacteria pbaf.oeytired, percent intracellular survival of phagocyticed bacteria and 
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percent bacteria killed by macrophages. The purpose of these studies is to obtain 
data that will permit a better understanding of the antibacterial activity of al¬ 
veolar macrophages in the intact and functioning lung under normal conditions and 
during the inhalation of cigarette smoke. For this reason studies are planned to ! 

evaluate the influence of increased macrophage numbers, opsonization of bacteria, j 

pre-treatment of bacteria with alveolar lung material, pre-treatment of bacteria 
with the total acellular fraction of lung harvests on the phagocytic and' bactericidal 
powers of alveolar macrophages'-. In separate studies alveolar macrophages will be 
challenged with S. aureus and incubated at 37°C in tissue culture flasks containing \;f' 
Hanks’ solution supplemented with the following: (a) normal serum with and without U: 
specific immune serum added, (b) alveolar lining material (AIM) alone, AIM plus 
normal and immune serum, AIM plus , immune serum and AIM plus normal serum and (c) 
concentrated acellular fraction (CAF) alone, CAF plus normal and immune serum., CAF 
plus immune serum and CAF plus normal serum. This information is neede-d for proper 
analys5.s of the events observed under in vivo condition of an airborne bacterial 
challenge and is in keeping with recent observations that suggest local immune 
systems and pulmonary secretion play a significant role in pulmonary defense (7,8) 
and, as such-, may act as mediators of alveolar macrophage function. In addition, 
the above information will be used to establish in vitro culture conditions necessary l 
for meaningful studies of macrophage mobilisation and the metabolic activity of al¬ 
veolar macrophages outlined below; namely, in vitro culture conditions that best re¬ 
flect the in vivo circumstances in the live and intact lung. 


(2) In Vitro Studies of Cell Adhesiveness and the Motility and Migratory • 
Response of Easel and Mobilized Alveolar Macrophages to Chemotactic Substance s: 

For this purpose, a method of studying leukocyte motility reported by Carruthers 
(16)' will be adapted to alveolar macrophages. This method is based on the ability 
of motile cells to move through the pores of a membrane filter. In this regard, two 
O-ring joints separated by a millipore filter are clamped together and sealed which 
results in the formation of 2 distinct chambers. Fixed numbers of alveolar macro¬ 
phages (1-3 x ic7) suspended in Hanks' solution (3 ml.) containing glucose will be 


introduced into chamber number one which is then sealed with a paraffin plug. The 
second chamber is filled with 5 mg. of Insoluble potato starch' and plugged. After 
an initial period of incubation at 37°C to permit monolayer formation, the chambers I 
are inverted so that the test cells are now on the bottom side of the filter, and .; 

the ehemotaetie substance, if present, is on the top side of the filter. The chamber \ 
is then placed in an incubator at 37°C for h hours. At the end of various hourly in- j 
tervals, the filter is removed, stained with hematoxylin and subjected to microscopic ■ 
study. In thi3 way, the number of cells on both sides of the filter are enumerated ! 

and used 1 as an index of the migratory response elicited by stimulatory agents. Sep¬ 
arate studies are planned to evaluate the changes in cell adhesiveness that occur in> > 

phagocytizing alveolar macrophages. The method of studying the adhesive properties • 

of blood leukocytes reported by Allison and Lancaster (17)' will be adapted to alveolar 
macrophages. Test tube cultures of fixed numbers of lung phagocytes suspended in 
Hanks' solution will be challenged with known numbers of bacteria. Under conditions 
favoring maximum, phagocytosis, microscopic methods will be used to determine the 
formation of cell aggregates that clump ‘together by cultures of phagocytizing macro¬ 
phages. Changes in cell adhesiveness will be evaluated under the same experimental 
conditions described above to assess motility. .• ■ . ■ 


An understanding of this aspect of alveolar macrophage activity is desirable 11 
because motility and changes in cell adherence may be critical steps in the mobil- >>-. 

ization and migration of lung phagocytes to pulmonary sites, as well as their sub- 


Sequent antibacterial activity during the normal situation ana in response to the 
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inhalation of viable bacteria and cigarette smoke. The data obtained from these : 

studies will be correlated with the results of studies completed in this laboratory ; 
concerning the mobilization of alveolar macrophages in response to the inhalation j 

of viable bacteria in the normal situation and during the inhalation of cigarette | 
smoke. (See Supporting Data, Results pages 2A-10 and 2A-15). j 

r 

(3) Metabolic studies : The present grant will include studies of the energy • 

metabolism, lipid compositions, hydrolytic enzyme activity and peroxidative metab- 
olism of basal and mobilized alveolar macrophages harvested from control and smoke- $ 
exposed animals. This information is desirable, since energy output and cell met- : 

abolism represent important potential links in the successful mobilization and sub- : 

sequent antibacterial activity of alveolar macrophages. Indeed, alterations in hy- 
drolytic enzyme activity and peroxidative metabolism may interfere with the primary * 
.immunological function of macrophages in pulmonary defense, namely, the destruction j 

of inhaled microorganisms. In addition, interest in the lipid fraction of phago- f 

cytic cells resides in the fact that lipids represent a source of high energy metab- j 
olism and are intimately involved in membrane phenomena associated with phagocytosis, j 
The metabolic studies will be performed under the same culture conditions (suspend- j: 

ing medium) used to assess the influence of cigarette smoke on the phagocytic and j 

bactericidal capacity of alveolar macrophages. 

Respiration studies ; Experiments are planned which will permit deter¬ 
minations of the oxygen consumption and lactic acid content of alveolar macrophages , 

incubated in basal medium and media supplemented with glucose plus serum with and i 

without the presence of particles that induce phagocytosis. In separate studies 
serum will be supplemented v.dt’n and/or replaced by alveolar lining material and | 

. the concentrated acellular fraction of lung harvests as outlined in the phagocytosis j 

studies detailed on page2A-2U. These studies will be performed with the following 
categories of macrophages: (a) basal macrophages harvested from control and smoke- 
exposed animals and (b) mobilized macrophages harvested from control and smoke-ex¬ 
posed animals immediately after exposure to aerosols of a phosphate buffer for 30 
minutes* 


Measurements of oxygen' uptake will be determined in a Gilson respirometer 
using flasks with a 15 ml capacity containing monolayers of alveolar macrophages in 
a total liquid volume of 3»2 ml (18). The CC>2 will be absorbed by 0.2 ml of 20/ XOH 
in the center well. In accordance with the protocol of each study, glucose (5.0 to 
10 mm) and polystrene spheres at a concentration of 2.0 to 2.5 mg/ml will be intro¬ 
duced via the side arm. After completion of the oxygen consumption measurements, 
the cells will be harvested and their lactic acid content determined by the method 
of Barker et al(19). For this purpose, the recovered macrophages will be washed 
in saline and cell extracts are to be prepared as described by Kyrvik et al (20). 

Glucose metabolism studies : Experiments with' specifically labelled 
glucose as substrate will be performed to evaluate the effect of cigarette smoke on 
the metabolism of glucose by alveolar macrophages. These studies will be done with 
the same categories of basal and mobilized macrophages used in the respiration studies. 

The radioactive measurements will be done as described by Kyrvik et al 
(20). Alveolar macrophages are harvested and placed in Erlonmeyer flasks containing ' 
medium 199 without serum or glucose. In separate experiments EGG and heat ki l led • - 
staphylococci will be added to all flasks except the control flasks. After incuba- - 
* n a shaker bath for 1, 2, h , 6 and 18 hours, glucose 1-C^ or glucose 1/ 
6-C is added to the flasks, and reincubated for 1 hour. The reaction is stopped 
with sulfuric acid arid counts obtained with a liquid scinfcilation counter. 
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* ATPase Activity : Experiments are planned'to compare the AT Pass 

activity of banal and mobilized alveolar macrophages harvested from control and 
smoke-exposed animals. ATPase activity will be determined from the liberation cf 
inorganic phosphate (Pi) upon incubation cf alveolar macrophages with adenosine 
triphosphate (ATP) as outlined by V.’ahler et al (al). The assay medium will contain 
100 'pH sucrose, 30 nM glvclycine, 30 rcM imidazole, 5 jr.M MgCl?* 2 ml-i ATP, protein 
equivalent of cells $0 to 100 ug and, as indicated, 5>0mM haCl plus 5 mil KCL (pH 7.5)• 
In studies performed in the absence of Na + and K + > the medium will contain 200 1 mM 
sucrose. Reactions will be carried out in a 2nd volume for 20 minutes at 30°C and 
activi.ty will be expressed as micromoles of Pi liberated per milligram of protein 
per hour. 

Catalase Activity, peroxidase activity and hydrogen peroxide production : 
Recent studies (22) have presented evidence for the presence of a catalase-dependent 
peroxidative metabolism. Peroxidative metabolism represents a biochemical pathway 
capable of increasing glucose metabolism and hydrogen peroxide formation. In this 
regard, published reports clearly demonstrate that phagocytosis by normal alveolar 
macrophages is accompanied by increased glucose metabolism (35) and intracellular 
recovery of hydrogen peroxide (22). The potential role of catalase controlled 
concentrations of hydrogen peroxide as an intracellular bactericidal agent has been 
recognized. For these reasons studies are proposed to compare the catalase activity, 
peroxidase activity and hydrogen peroxide production in macrophages harvested from 
control and smoke-exposed rabbits. These studies will be performed with basal macro¬ 
phages, and macrophages mobilized in response to the inhalation of heat-killed staph¬ 
ylococci harvested from both control and smoke-exposed animals. 

Catalase activity will be determined by the method of Foinstein (23) 1 
using 0.12-1 sodium perborate as substrate. Perborate utilization in 5 min is measured 
by titration with a 0.1H solution of potassium permanganate after the reaction is 
stopped with 1 ll sulfuric acid. Catalase activity will be determined after incuba¬ 
tion in Krebs Ringer Phosphate Solution containing 1$% homologous serum and 5.5 mH 
glucose at pH 7 Measurements will be performed on macrophage preparation after 
disruption by either homogenisation or repeated freeze-thawing using acetone-dry ice. 
Both total extract and supernatant obtained by centrifugation at 8000 rpm for 10 min 
will be assayed. Activity will be expressed as milliequivalents of perborate utilized 
in 5 min, 1 U,representing the utilization of 1 mSq of perborate. Peroxidase activity 
will be assessed by a modification of the guaiacol method of chance and Maehly (2U). V 
Whole extracts of freeze-thawed cells will be employed. The assay medium contains 
0.1 M phosphate buffer at pH 7.h, 0.5 ml of 100 ml! guaiacol, 0.2 ml of extract sample, 
and 0.02 ml of ice-cold 10 rvl H^Op. Absorbancy changes due to tetragualacol forma¬ 
tion will be measured at 750 nr. in a spectrophotometer arid the time required to pro¬ 
duce an O'.Op U increase in absorbancy recorded. Results will be expressed in recipro¬ 
cal seconds per 10° cells. 
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Hydrogen peroxide will be determined spectrophotonetrically on dialysates 
of AM as described by Paul and Shara (25). The nonfluorc-scent dye, diacetyl-2,7- 
diehlorofluorescin (LDADCF), was synthesized by the method of Brandt and Feston (26) 
ar.d the fluorescence of the oxidized product of alkali-activated LDADC? was measured 
with an Amineo-Bowman spoctrofluorimeter. The excitation wave length was 3h0 nm and 
the emission wave length 525 nm. <„ 


Hydrolytic enzyme studies : The present grant proposal ’will include a 
study of the enzymatic activity and intracellular distribution of a specific group of 
hydrolytic enzymes in basal and mobilized macrophages harvested from control and 
smoke-exposed animals. The enzymes acid phosphatase, lysozyme, lipfse, beta-glucur¬ 
onidase and cathepsin are of immediate interest because their activity is increased 
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in the ECG induced alveolar macrophage (17, 28-29). To accomplish these aims, 
the enzymatic activity detectable in the cell free supernatant fraction and al¬ 
veolar macrophage fraction of lung harvests will be assayed. Interest in both 
fractions of lung harvests resides in the fact that bronchial mucus contains sev¬ 
eral poorly defined substance? (30) including lysozyme (31) that exert nonspecific 
bacteriostatic and bactericidal activity against gram positive and gram negative 
bacteria as well as the potential phagocytosis promoting factor present in pulmon¬ 
ary secretions (7,8). In addition, alveolar macrophages by virtue of their high 
hydrolytic enzyme content, presence in large numbers and rapid turnover rate may 
contribute to the enzymatic activity found in mucus secretions» 
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A comparison will be made of the enzymatic activity and intracellular distri¬ 
bution of the above hydrolases in the following categories of macrophages: (a) basal 
macrophages harvested from control and smoke-exposed animals and (b) mobilised macro¬ 
phages harvested from control and smoke-exposed animals immediately after exposure 
to aerosols of viable or heat-killed staphylococci. For this purpose, smoke-exposed 
and control animals will be exposed to the bacterial aerosols for 30 minutes. En¬ 
zyme determinations will be made with the lung harvests obtained from both groups of , 
animals immediately after bacterial challenge and at hourly intervals over a h hour 
post-aerosol exposure period. The choice of laboratory animals (mice or rabbits) to 
be used in all enzyme studies will be governed by the minimal yields necessary for 
adequate enzyme assay. The lung washing obtained from animals by the lavage tech¬ 
nique will be separated into a cell-free supernatant fraction and cellular fraction 
containing alveolar macrophages by centrifugation at U°C for 15 min at 10,000 rpm (31). 
The supernatant will be frozen at -60°C and stored until assay. The harvested al¬ 
veolar macrophages will be washed twice in phosphate buffered saline (pH 7.2); quant¬ 
itated 1 by hemocytometer count; and viability assessed. Saline extracts of the washed 
cells are to be prepared for enzyme activity studies as outlined by Kyrvik et al (20) 
cell disruption by alternate freezing and thawing for 5 consecutive cycles and re¬ 
moval of cellular debris by centrifugation at 2,500 rpm for 10 min at 1|°C. The com¬ 
pleteness of cell disruption will be audited by phase optics. In order to evaluate 
the contribution made by alveolar macrophages to the enzymatic activity detectable 
in the supernatant fraction, in vitro studies of the rate of release of the enzymes 
in question by pulmonary macrophages are planned. As outlined by Holzman et al (31) 
large numbers of alveolar macrophages will be suspended in tissue culture medium and 
samples of the cell population assayed for specific enzymatic activity after incuba¬ 
tion at 37°C for various periods of time. In studies of the intracellular distribu¬ 
tion of the hydrolases, alveolar macrophages will be suspended in a 0.2>M sucrose 
solution, rupturedi by homogenization and sedimented by centrifugation into four frac¬ 
tions (27). The nuclear fraction (M) will be sedimented by centrifugation at 2J>0 X G; 
the heavy granule fraction (HG) at $000 X G fer 15 min; and the light granular frac¬ 
tion (LG) and supernatant fraction (S) by centrifugation at 25,000 X G. Each fraction 
will be submitted to 5 cycles of freezing and thawing and clarified by centrifugation 
at 2500' X G fer 20 min and subjected to enzyme assay. 

For the purpose of enzyme analysis, lysozyme wiHL be quantitated by using sus¬ 
pensions of Micrococcus lcisodykticus as substrate. Tests will be standardized with 
known amounts of crystalline egg white lysozyme and results expressed as egg white 
lysozyme equivalents. Acid phosphatase will be measure* by the procedure of Kofstee 
(32) using O-carboxyphenyl phosphate as substrate. An increase in absorbance of 
0.001 optical density units/min under standard condition; will be taken to represent : 
a unit of activity. "Beta-glucuronidase will be assayed by the procedure of Fishman 
et al (33) using phenolohthaloin mon-Betaglucuronide as substrate with reactions 
carried out in 0.LM acetate buffer at pH h.$ and 38°c. One unit of glucuronidase is 
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th‘e activity resulting In the liberation of 1 ug/hr phenolphtalein. Lipass activ¬ 
ity will be determined as outlined by Cohn et al (20) in which naphthol laurate 
serves as substrate and the increase in activity caused by sodium tauroeholate is 
taken to represent minimal lipase activity. The results are to be expressed as 
micromoles of naphthol liberated per hour. Cathepsin will be assayed employing a 
2% solution of denatured hemoglobin as a substrate, as described by Anson (3k) and 
protein digestion estimated with a spectrophotometer by absorption at 280 am (27)'* 

A unit of activity being defined as an increase in optical density produced by 
0.001 meq of tyrosine. 

Lipid composition of basal and mobilised' alveolar macrophages : The specific 
information sought from these studies in the qualitative and quantitative changes 
in the major lipid classes and fatty acid composition of alveolar macrophages associa¬ 
ted with mobilization and phagocytosis in the normal activation and during the inhala¬ 
tion of cigarette smoke. To accomplish these aims a series of in vivo and in vitro 
studies are planned. 

A comparison will be made of the lipid and fatty acid components extractable 
from alveolar macrophages harvested from unchallenged animals and animals exposed to 
aerosols of S, aureus . Alveolar macrophages will be harvested from' the challenged 
animals immediately after aerosol exposure and at hourly intervals thereafter over 
a 6 hr. period. Since the presence of bacteria within alveolar macrophages may in¬ 
fluence the outcome of these studies, appropriate controls will be used; namely, 
cells provoked 1 by inert particles. In addition, S. aureus , in numbers equivalent to 
those deposited in the lungs of the test animals, will be carried through the same • 

lipid extraction and analysis. These studies will be repeated with animals x-;hich 
have been exposed to cigarette smoke and cigarette smoke plus bacterial aerosols. 

A series of studies will be undertaken to determine the effects of metabolic inhibi¬ 
tors on the lipid composition of basal and phsgocyfcizing alveolar.macrophages. The 
specific information, sought from these studies is as follows: (a) insight into the 
energy-yielding metabolic, pathways utilized by alveolar macrophages during phagocytosis 
and (b) the correlations that exist between the effects of metabolic inhibitors on 
phagocytosis and the lipid composition, of these cells. The rationale behind this 
approach 1 resides in the observation that alveolar macrophages undergo a minimal in^ 
crement in metabolic levels (0g uptake end! carbohydrate metabolism) during- phagocytosis 
It is therefore proposed that an end result of metabolic activity, namely lipid compo¬ 
sition, be studied. The specific metabolic inhibitors to be used are those which 
block glycolysis (neneiodoacetate, sodium fluoride) Kreb's cycle activity (sodium 
malonate, sodium fluoroacetate) and respiratory inhibitors cyanide, (dinitrophenol 
and anaerobiosis)' and others as indicated by the initial results observed. The con¬ 
centrations of inhibitors to be used will be determined empirically as those concen¬ 
trations which interfere with phagocytosis and alter lipid composition. However, the 
concentrations used by Oren et al! (18), Karnovsky et al(3i>) and Guchi et al(3o) in 
evaluating the effect of these metabolic inhibitors in the metabolic levels of phago- 
cytizing cells will be referred to. The protocol to be followed in the in vitro 
studies consist cf incubating known numbers of alveolar macrophages in a balanced 
salt solution containing glucose, In tissue flasks at 37°C until monolayer formation 
occurs. At this time, polystyrene spheres (2.0 to. 2. C J mg/ml, final concentration) 
and specific concentrations of metabolic inhibitors will be added to the monolayers. 

The mixture will be further incubated fer 1 hour and harvested. An aliquot will be 
used for microscopic evaluation of phagocytosis and the remainder will be subjected 
to lipid analysis. The choice of laboratory animals to be used in all lipid' studies 
will be governed by the minimal yields necessary for adequate lipid analysis. Total 
lipid extraction will be carried out by the method of Folch et al (37) : uhich consist 
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of multiple. additions of chloroform methanol mixtures to washed ceils incubated 
at ^5°C for U hrs. The separation of lipid classes will be performed by the tech¬ 
niques of Fillerup and Mead ( 38 ) which consists of liquid-solid chromatography on 
silicic acid. Separation of the various lipid classes (sterol esters, tri-glycerides, 
free sterols, free fatty acids and phospholipids) is achieved by a step-vise applica¬ 
tion of eluants of varying polarity. Thin layer chromatography will be used to assess 
the purity of each fraction eluted by column chromatography and to identify the differ¬ 
ent lipid classes present in total lipid extracts. The technique to be used is that 
of Kalins and Mangold (39) in which thin layer plates coated with silica gel C* are '' 

spotted with lipid material and developed' in polar and non-polar systems. The re¬ 
solved lipid spots are then visualized with an aqueous solution of rhodrmine G or : 
iodine vapors. The fatty acid composition of alveolar macrophages will be stnaied 
by converting the fatty acids collected by column chromatography and those present 
in total lipid extracts to their respective methyl esters and employing gas liquid 
chromatography. 


r 
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10. Space and facilities available (when elsewhere than item 2 indicates, stale location): 


' The Microbiology Research Laboratories are located as a complex in the Triboro 
~3Kospital at Queens Hospital Center, Jamaica, New York. They include: (a) an aerosol 
^exposure laboratory, (b) a smoke-exposure laboratory, (c) individual laboratories for 
macrophage studies and microbiology, (d) 2 rooms for storage space and refrigerators. 
Animal quarters are provided in another area of the hospital. The entire laboratory 
area occupies approximately 700 square feet. 


The equipment in this area includes a complete bacterial aerosol generating and ; 

exposure system with mixing chambers and decontaminating units, and an Anderson apparatus ■ 

for measuring particle size of bacterial aerosols: A cigarette smoke generating apparatus 
and exposure chamber and a sequential sampler and gas liquid chromatograpner unit for 
determining concentration of the particulate and gas phase of cigarette smoke. Other 
major instrumentation present include the following: (a) standard microscope, (b) 1 in¬ 
fusion pump, (c) a refrigerated centrifuge (d) 2 large refrigerators, (e) sonic dismem- 
brator, (f) 2 water bath and shaker, (g) 1 freezer, (h) incubator and 1 environmental ; 

chamber, (i) U vacuum pumps, (j) pH meter, (k) Feeknan DU2 recording spectrophotometer, i 

(1) spectronic 20 spectrophotometer, (m) a Gilson respirometer and (n) a lyophilizer i 

unit. There is also equipment for qualitative ana quantitative bacteriology studies, I 

tissue homogenization, administration of gas mixtures and animal surgery. A Revco deep j 

freezer (-75°C) is also available. In addition, high performance scintillation counters ! 

capable -of isotope work are present in the hospital and available for research use. j 


I 


3 


11. Additional facilities required: None 



»• 

! 

i 

I: 


3 

12. Biographical sketches of investigator(s) and other professional personnel (append): See attached Curriculun Vitae • 

See pages 6 to 9. 


13. Publications: (five most recent and pertinent of investigator(s); append list, and provide reprints if available). 

See pages 10 to 11. 
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~14. First yeor budget: 

A. Salaries (give names or state "to be recruited") 
J Professional (give % time of investigators) 

v3*L!’• even if no salary requested) 

^Joseph J. Gunrneri, Ph.D. 
^.Principal Investigator 

Marcelino Sierra, Ph.D. 

Research Associate, Ph.D; 
v* v (to be recruited) 


hrs/wk 


20 hrs ./60 hrs. 


7 hrs, 

1005? 

Fringe Benefits 


15,000 

■2,550 


Amar Sarval, M. S. 


Research Lab Aide 


11,288 

1,919 


B. Consumable supplies (by major categories) 
See page liA for detailed list 


Sub-Total far A 


33,331 


r ■; 


Sub-Total for B 


C. Other expenses (itemize) 

Travel 

Publications 


Sub-Total for C 
Running Total of A B + C 

D. , Permanent,equipment (itemize) See page llA for justification 
1* Sorval RC. 2-B Autonatic Super speed 

Refrigerated centrifuge including rotors and heads (£1000) 

2. Gel Electrophoresis Cell (Bio Rad) with Power Source ($555)* 

3. Fraction Collector - Isco Model' 12C0 pup (S600) 

U. LKB Peristaltic Pump (£300) 


E. Indirect costs (15% of A+B+C) 
15. Estimated future requirements: 


Sub-Total for D 


Total request 


JubSS_ 

51 , 83 $_ 


Salaries Consumable Suppl. Other Expenses Permanent Eqpip. Indirect Costs Totali 

*35,831* 6,150 650 1,000 6,U25 50,256 

33,518* 6,150 850 - 6,828 -52-, 35 6 


'■'.ft?,;*:' v '*• £.?• '• " • t • ■ '***'* Ji - ■' 'V " ‘ 

■< ,» .1 ..Jtj 'J; , ' 1 
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Consumable Supplies 


1*A 


1 . 

2 . 

3 . 

h» 

5 . 


6 . 

7 . 

8 . 


9 . 


Cigarettes for sracke studies $1,750 

Mice Caesarian delivered 1,000 

Rabbits 1,200 

Immunodiffusion Plates, Anti SlgA and Anti Secretory 

Piece Sera, Radial Immunodiffusion kit and templates 200 

Chromatography columns with it way valve, accessories, 

and Reagents for Chromatography, Sephadex G 200, 

Aerylanide kit, BEAE 353 

Reagents and curvettes for enzyme studies and flasks and 
accessories for respiration studies 500 

Tissue culture glassware, tissue culture media and bac¬ 
teriology media 61*7 

Isotopes uniformly labelled glucose - 1-C^ and 

glucose 6-C 1 ^ 300 

Petri dishes and plastic disposables 200 

Total $6,150 


D. Permanent Equipment (Justification ) 

The Sorval RC 2-B Superspeed Refrigerated Centrifuge is needed for the alveolar 
lining material studies (AL'O proposed on pages 2A-22 and 2A-25 of grant request. 
The instrument and its rotors permit centrifugation up to 1*9,500 g with controlled 
temperature. The latter permits g forces and controlled conditions necessary for 
the isolation of AIM without the loss of biological activity. 

2. Gel Electrophoresis Cell with a power source is needed for the purification 
and characterization of Secretory IgA and other proteins of immunological interest 
in the acellular fraction of: lung harvests. See pages 2A-23 of the grant proposal 
for specific studies in which Gel Electrophoresis will be used. 

3 § 4* Fraction collector.and LXB Perisaltic pinup are needed for the purification 
and isolation o^ proteins in the acellular fraction of lung harvests and lipid 
studies (page 2A-23 and page 2A-30). 


h* 

© 

O 

CJ 

in 
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16, Other sources of financial support: 

List financial support from oil sources, including own institution, for this and related research projects. 


Inclusive 

Dates 



I'- 

CURRENTLY ACTIVE 


. v -f'. , '» 

' .T; 

Source 


^ ’ • 

v Title of Project 

(give grant numbers) 

Amount 

’ i- • 

' 4 




; ” The Influence of Extended 

The Council for Tobacco 

$63,152 

5 . 

Exposure to Cigarette Smoke 

Research, U.S*A. 


' . . - .. W > 

on Pulmonary Resistance to 

Grant Nos. 5U7C, 5U7CR-1 


•; .' ;'"•£»• 

. Infection as Related to Al- 

and 5U7 CR-2. 


.MB'. *:4 : 1 

; veolar Macrophagps and Mu¬ 
cociliary Function, 

1 ■ i ’ * 

PENDING OR PLANNED 




Source 


i >>’ 

Titlt of Project 

(give grant numbers) 

Amount 


Important Determinants to 

Long Island' Jewish-Hill- 

$36,31*0 


Pulmonary Resistance 

C 

side Medical Center 
(approved) 

1 



7/1/71 to 6/30/71* 


Inclusive 

Dotes 


7/1/71* - 6/30/76 


<' V 




H is understood'that the investigator and institutional 
officers in applying for a grant have read ond accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made." 


Principal investigator 

Typed Name J °seph J. Guarneri, ?h .D._ 

ft t 

Signature V ; >' | p < r ^ ; : - = i t ^ -_Date li/lU/7?l 

Telephone ^21?^0-2335 _ - 






: imS 


Checks payable to 

Island Jewish-IIillsirie Medical Center 

Mailing address for checks 

' Mrs , E va KeyerGrant,MartaRfiJL 


Long Island! Jewish-Uillside Medical Center 
p - Kev H y de Park, M ew York 110U0_ 

j i - j,. 4 


v* , t 




j.b; 

■ *■ 

•ff.’V y ■> 




Responsible officer of institution 

Typed Name _Harol d_L Ight_ 

Title_D epu tyJXixec tor- 


Signature _ 
Telephone _ 


. Date . 


212 


JA3.'_6700 


2723 


b«r (ilention 

• ?V -VC ' 

/< * . • • ' V; £ r , 

K- " ttf-K ' : 
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Tin: CorxriL Fok Toiacco l?i:si:.\i;<if-U.K.A., Ixc. 


February 12, 1974 


Grant'.application No. 908M 


CHRONIC FJLMONARY diseases 


The committee comprising Drs. Gardner, Liebow and Wyatt 




■ 

#1? 


Subject: 


Sanford E. Leeds, M.D., Mount Zion Hospital and Medical Center, 

San Francisco 

Modified application No. 9^SM 

"Role of the pulmonary lymphatics in the absorption of inhaled 
particles and gases." 


History 


- vt. 




Application No. 908, in the amount of $56,485 plus two additional 
years, was not recommended for funding. This proposal was exceedingly 
brief. 


iHlI. 


Request 


4M 

■ 


Application 90oM requests $44,134 plus two additional years, 




Documents Submitted 


Attached is application dated Jan. 3, 1974 (20 pages). 

Reprints of the three publications checked on' page 20 of the 
application are available and will be sent if you wish. 


Comments 


’i. 




FWN:gh 
Ends. 


To refresh'recollection we enclose copies of the following: 


1. Dr. Gardner's memo, site visit on July 11, 1973. 

2. Dr. Loosli's memo, October 29, 1973* 


I* 

o 

jSm. ‘ / vyJ’fr'!/- 


F.W.N. 
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Tiie Council For Tobacco Research-U.S.A., Inc. 

110 EAST 50TH STREET 
NEW YORK, N. Y. 10022 1 
(212) 421-8SN5 '» 

Application for Research G rant 
(Use extra pages as needed) 

1. Principal Investigator (give title and degrees): 

Sanford E. Leeds, M.D. 

Asst. Clin. Professor of Surgery, University of California Medical School 
Director, Experimental Surgery Laboratory, Mount Zion Hospital & Medical Center. 

2. Institution & address: 

Mount Zion Hospital and Medical Center 
P. 0. Box 7921 

San Francisco, Califprnia 94120 


FE3 : 1 1374 

1 1. -- — - w ' 


Date: Jan.3, 1974. 


3. Department(s) where research will be done or collaboration provided: 
Experimental Surgery Laboratory 


4. Short title of study: 

Role of the pulmonary lymphatics in the absorption of inhaled particles and gases. 


5. Proposed storting date: July 1, 1974 

6. Estimated time to complete: 3 years 

7. Brief description of specific research aims: The route of absorption and lung clearance of 
inhaled particles has been extensively studied (1,2,3,4). However, there are 
few studies of the role of the pulmonary lymphatics in the absorption process. 

The parenchyma of the lungs have an extensive network of lymphatics which drain 
lymph toward the hilar lymph nodes and thence into the venous circulation mainly 
via the right lymphatic duct (RB) . The role of lymphatics in the transport of 
particles from the alveoli is not well understood because the lymphatic and 
respiratory systems are difficult to study both anatomically and physiologically. 
Morrow (5) in a recent review states "few experiments either have been designed 1 
or have attempted to quantify the role of pulmonic lymphatics in dust removal, 
andi even fewer have tried to elucidate the mechanisms and pathways of lymphatic 
uptake and transport". The specific aims of the research to be described is to 
elucidate the role of the pulmonary lymphatics in the clearance of inhaled 
particles from the alveoli and interstitial tissue of the lung. 


The specific objectives are threefo.ld: 

(1) To administer aerosols containing particles of different characteristics 
and to quantitate their appearance in pulmonary lymph proximally and distally 
to the hilar lymph nodes. The particles to be studied are in the range of 
0.5 - 5.0 ,um in size and include organic and inorganic, radioactive and 
non-radioactive, cytotoxic and inert and those having different degrees of 

solubility in body fluids. 1003540064 
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(2) To measure the rate of flow and composition (chemical and cellular) '?%£;'■ 

of pulmonary (right duct) lymph and thoracic duct lymph before and after the . 
inhalation of various particles. .;Av.;v r ..?-..\< >' Arr'y.-’V 


- . (3) To determine the number and types of cells in lymph from the right 

-duct (RD) and thoracic duct (TD) after inhalation of various particles. Lymph 
from the RD is mainly pulmonary and cardiac in origin; lymph from the TD is 
mainly from the abdominal viscera and lower extremities. : -V^-i ; 


I' 


'Xu 




In order to design the experiments the principal investigator, -/y 

through the kindness of Dr. Ruy Lourenco, spent two half days with Dr. Peter Lee 
and Mr. Frank J. Hass in Dr. Lourenco's laboratory at the University of Illinois .i 
Medical School. A spinning disc generator was in use there to create monodispersed 
particles for administration to patients for lung scanning. Also, through the 
cooperation of Dr. R. 0. McClellan and the staff of the Inhalation Toxicology ' .A ; v 
.Research Institute of the Lovelace Foundation of Albuquerque, New Mexico, three 
days were spent learning about the administration and quantitation of inhaled 
particles. The protocol to be presented was discussed with radiobiologists, 
aerosol physicists, chemists, physiologists, pathologists, etc., to whom we are 
indebted. ■ ■ 
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a 8. Brief statement of working hypothesis.' ‘- ; A V .• • '•* 

^ (1) The alveolar epithelium is relatively and selectively impermeable 

to many substances, but relatively permeable to others (6). ‘Vj : A : ,i'X'■XXX 

(2) Protein molecules are rapidly absorbed from the lungs of guinea 

pigs and dogs and appear in the blood (7,8,9,10,11). The role of the lymphatics 
in this absorption is not clear. Myer ejt al (12) suggest that 13^-I-albumin is 
absorbed from the alveoli more rapidly by pulmonary capillaries than by pulmonary 
lymphatics. If so, this is different than the absorption of protein molecules 
from most tissues where the lymphatics are necessary for transfer of molecules 
from interstitial tissue to the venous circulation (13). ' '■ 

(3) Inhaled particles appear in interstitial tissue and hilar lymph 

“ nodes; therefore they must be absorbed by the alveoli and are presumed to be . 

[ carried by parenchymal lymphatics to the hilar nodes. Inhaled particles may '-‘M 

appear within the paraesophageal and paragastric (lesser curvature) lymph nodes 
of man (14). The para-aortic (abdominal) lymph nodes can receive lymph from 
the basal lobes of both lungs (15) . Lauweryns (16) described juxta-alveolar 
lymph ducts which are presumed to conduct particles from the alveoli to the 
-interstitial lymphatics. Whether the particles are free or engulfed by macrophages 
is not the concern of this investigation (17). 


AAife' 


(4) Rate of transport of radioactive particles to hilar nodes and blood 
has been calculated by the use of lung models. The rate of lung node to'lung 
concentration increases with time (1,2,3). * ' . 
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(5) Hard evidence of the presence of particles in pulmonary lymphatics A)? 
is sparse. Lauweryns (18) demonstrated ferritin and carbon in interstitial^; 
lymphatics of the lung after endotracheal instillation. Morrow and Casarett (19)^ 
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have demonstrated particles and particular aggregates in peribronchial 
lymphatics of dogs exposed to a PuC>2 aerosol. The permeability of lymphatics 
of the leg to substances of various molecular sizes has been studied by 
Myerson et al (20) by cannulation of afferent and efferent lymphatics of the 
popliteal node. Garlick and Renkin (21) describe the transport of large - 

molecules from plasma to interstitial fluid and lymjh in the paw of dogs in 
experiments in which lymphatics distal to the popliteal lymph node were 
cannulated. 
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(6) Particles may deposit in regional nodes, e.g., hilar nodes or • 
may by-pass them depending on particle size and other less well defined 
factors (22,23). Deposition of particles can be variable as demonstrated 
by autoradiograms of adjacent lymph nodes after inhalation of plutonium-239 
dioxide. One node contained many particles PuO£ on the afferent side of ■' 

the node, and only one or two particles were present in subcapsular ' 

sinusoids of the other(19). 

- (7) It is suggested that examination of pulmonary lymph and pulmonary 
vein blood after inhalation of particles may demonstrate the presence of 
particles which have by-passed hilar nodes. We have developed techniques 
for the collection of pulmonary and systemic lymph (24,25,26). By our improved 
method of collecting pulmonary lymph, the entire output of the RD is obtained 
for cellular and chemical examination and for the detection of particles. 

(8) The ingestion of aerosol particles by the intestinal tract may 
be followed by the appearance of particles in thoracic duct lymph and blood. 

For this reason concomitant collection of TD lymph is necessary. _ . 









(9) Alterations in total and differential counts of cells in RD and 
yV.. .TD lymph (26) after inhalation of particles are an index of the body's 

response to the effects of such inhalations. This may give new information 
on the effects of air pollution on the organism, particularly when particles 
■; are injurious. ‘ : v ; ;~a 



To summarize: Appearance of inhaled particles in pulmonary 
lymph may be dependent mainly on size (20). Small particles (less than 1 pm) 
'•• are probably more likely to by-pass or traverse hilar nodes than larger 
particles. Solubility, cytotoxicity, chemical structure, i.e. organic or 
inorganic, electrical charge, etc. arc other factors which may influence 
alveolar absorption and appearance of particles in lymph. By studying a 
.series of particles of various sizes and chemical characteristics information 
on the role of the lymphatics in the absorption of particles may be obtained. 
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9. Details of experimental design and procedures. 


1C% 

• ■ 


(1) Collection of lymph from RD, TD and lobular lymphatic. 2 •• ^. 

(2) Collection of blood: pulmonary venous (lobular) and . R .. 'i 

peripheral blood. . ' v, ..‘■ : W 

(3) Administration of particles: endobronchial instillation, 

- ultrasonic nebulized aerosol, and other methods of aerosol 

administration. 



Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 






- 4 - 


. 


4 r‘ 

$$!$&£¥!?;:■ 

.-s'-rVi*'*- *i< •«••.-' 






(4) Measurement of concentration of particles in lymph and blood. 

(5) Measurement of particles in hilar lymph nodes by light microscopy, 

electron microscopy and autoradiographs. \ 

(6) Experiments in which hilar lymph nodes are excised. 

: (7) Cellular composition of lymph. 

itr ' 

- (1) Collection of lymph. The TD is cannulated in the neck near its 
junction with the venous system. Cream is given by stomach tube 2 hours 
prior to cannulation to facilitate visualization of the TD. The chest is 
not opened for either TD or RD cannulation. ^ U 

The RD is cannulated in the neck by the improved method described by 
Leeds et al (24) and by Uhley at al (25). Evans blue dye (T-1824) is 
Instilled into the right lung in order to aid in visualizing the leash of 
fine lymphatics whcih makes up the RD. A segment of the right external / 
jugular and subclavian veins into which the pulmonary lymphatics drain is 
isolated by dissection and ligation, taking care to preserve the lymphatics. 

The segment of the external jugular vein is then cannulated and the entire 
pulmonary lymph drainage, except for a portion from the left upper lobe, is 
collected. This is an improvement over the method of Warren and Drinker (27) 
published in 1942, in which one small lymphatic was cannulated and only a . ... . 
small portion of the pulmonary flow obtained. Five hourly samples of lymph 
from the RD and TD are usually collected for measurement of rate of flow and for 
•cellular and chemical analysis. ' j 

(2) Collecting blood. Peripheral venous blood is drawn from the 
femoral vein. Pulmonary venous blood is drawn from a lobular vein. 
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(3) Administration of particles. Solutes and suspensions of protein 
molecules Such as ^■U-albumin can be administered by passing a 16 gauge 
catheter through a cuffed endotracheal tube or bronchoscope into the R and 
L mainstem bronchus and injection of the material with a syringe. 

•• Aerosols containing non-radioactive or radioactive colloids or other 

particles are administered by an ultrasonic nebulizer. (Mistogen Electronic 
Nebulizer, Model EN 145, 2711 Adeline St., Oakland, California 94607). With 
this apparatus approximately 0.5 ml of solution can be converted into a dense 
aerosol mist per minute. The mean size of the aerosol particles is estimated 
to be 0.5 to 1.0 pm. A dual valve arrangement maintains flow in one direction 
in a closed system from nebulizer to subject to vented hood outlet. Radioactive 
solutions can be used in safety with this apparatus. About 107, of radioaerosol 
is deposited 1 in the lung (28). 


lJ ' r. \ v 


Should the results of experiments with this simple method warrant, 
a more sophisticated apparatus such as that described by Kanapilly et al (29) O 
can be constructed. A spinning disc generator is a useful method to create W 
monodispensed particles (30). Current techniques permit measurement of the ft* 
size and concentration of particles delivered (31,32). - 

- - (4) Measurement of concentration of particles in lymph and blood^ oifeie* 

*.v ^ • Non-radioactive particles are measured by light and electron microscopic 
V .«%*•" methods. Particles can be counted in a hemocytometer in an aliquot of lymph. / 

•• • , r . - •<:-■; ^ -V - -'rjy. 
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, Radioactive particle concentrations in lymph or pulmonary venous 

.V , blood are measured in a scintillation counting chamber. 
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The size of particles can be measured with a Porton graticule and 
stage micrometer (31). . L 

Autoradiography techniques described by Leary (33), Evans (34) and ./Cfjlw 

Arnold (35) can be used to identify and measure radioactive particles with •' 
light microscopy. Electron microscopy can be used for radioactive and : 1 
non-radioactive particles after they are collected on membrane filters and : 
transferred to a carbon-coated electron microscope grid (36). * •’ sZf' 

(5) Measurement of particles in hilar lymph nodes. Autoradiography 
of histologic sections as described by Evans (34), and Arnold (35) permits 
microscopical determination of the distribution of radioactive materials in • 
the tissues. Particle size analysis is also achieved by autoradiography. 

(6) Experiments in which hilar lymph nodes are excised. To determine 
the role of hilar lymph nodes in the removal of particles absorbed by the 
pulmonary alveoli, the experiments described above (Section 9 (3)) can be 

repeated in dogs in which the hilar and mediastinal lymph nodes have been j *>£^0 

excised. A sternal splitting incision gives access to the lymph nodes of 

the hilum of each lung, peritracheal and carinal areas. The hilar lymph nodes 

are excised and a period of 2 weeks or more allowed for regeneration of the ' 1'.;. 

pulmonary lymphatic pathways. Particles are administered after cannulation 

of the KD or lobular lymphatic and measurement of flow and composition of 

pulmonary lymph. Samples of pulmonary lymph are collected at 1/2 hourly i.iv 

intervals after inhalation of particles and the lymph examined for.the presence 

of particles. 
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(7) All samples of RD and TD lymph are examined to determine total w’il!-«-• 

number of cells and differential counts of RBC and WBC (26). '77/:"' 

10. Space and facilities available. ■■■•' 

These include a modern experimental surgery laboratory, opened in 1963, 
with four operating tables each with piped-in suction, air and oxygen, special " 
lights and Bird and Harvard respirators. Large preparation and work rooms 
adjoin. In addition, there is an individual room for the use of the investigators 
and technician personnel, which contains benches, desk, record files, book 
shelves, storage cupboards and drawers for special equipment. Major items 
of equipment which are available or permanently kept in the laboratory are: 

6-channel Electronic for Medicine recording oscillograph, portable x-ray V v';'*y 

machine, electron microscope, blood gas analysis apparatus, centrifuge, Mistogen :';;' r v 
electronic nebulizer, fume hood and a Zeiss operating microscope equipped . ■ 

with camera and Strobe light. In additiqn, the facilities of the Division |afc 'fv.V. 

of Nuclear Medicine are available for determination of radioactivity in blood • 
and lymph and for scintillation scans and radioautographs of the lung. The • ' ©' 4 

facilities of the Immunology Research Laboratory are available for cell' counts' 
of lymph, hematologic and immunologic (i.e. electrophoresis) studies. /The 
facilities of the Pulmonary Laboratory are available for ~administrat^on^^^^^ ^|^^^g 
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aerosol particles and gases. The personnel of these three sections 
collaborate closely with the principal investigator and his associates 
•in a team effort. All the above facilities are under one roof, the 
Mount Zion Hospital and Medical Center. -v 

11. Additional facilities required: None 

12. Biographical sketches of investigators 

and other professional personnel: See Appendix I., pp.12-19. 

13. Publications: See Appendix II., p.20. ' ’ 
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7 V.. FIfrf y~'‘~ *’ .’r\v»: 

a. Salim.% (o’vc ri*ti’.iL‘i or ^-Ji* As L? rr:-u.;uc '}: 
v. ‘. . Professional (give % time ofihwUigotcr<s) 

■g-' even if no salary requested)' 

\ y Sanford E. Leeds, M.D., Principal Ini/fiSul^Lor 
v-5 Ph i1ip E. Mann, M.D., Co-Inve^tig?:co?; 

Herman K. Uhlcy, M.D. 

, Theodore «. Finley, M.D. 

Kemvctli K. McCormack, M.D. 

Jay Gershow, M.D. 


Technician XI' (Aerosol) 


Fringe benefits 15)1 


B. Consumable supplies (by major categories) 

Dogs at $25.00 each 

Surgical supplies, endotracheal tubas, 
plastic tubes, etc. 

Radioactive isotopes, chemicals 
Oxygen, miscellaneous gases 


Sub-Totat for A 


Sub-lotcl for B 


C. Ollier expends (itemize) 

Publication 300 

Photography, Medical) Artist 7.5 

Lab.tests, Nuclear Medicine Lab. costs 500 

Travel to meetings on aerosols, air pollution, 
etc. 500 


12,000 

2,500 

0 

0 

0 

0 


12,000 ’ 


30,694 


Sub Tola! for C 


RunnihgTotalof A H B + C_ 

D. Pc-rmcnent equipment (itemize) 

Parts to build aerosol administration 
.apparatus (aerosol generator, nebulizer, 
heating column, filters, etc., cascade 
ircpactor, electrostatic precipitator, etc. 3,000 


35,769 


■ ... i* 

:: .i; 


E- Indirect costs (l.*> e G o; A ! B + C) 
15. Estimated future 1 equipments: 


Sub-Total tor D 


Total request; 


_ ggjfrjcs _ Consum a ble S.upp l._ Other G>pen;os Permanent Equip. Indirect Costs Total, 

Yeo,2 32,3S2 _ 3,700 2~375" T|000 sTsuT aJVotIT' 

Y'-c, 3 34,163; 3T7o 5~ TT373" F.OOO 57s«- : 577T2ITT - 


» .* 'X . . A*; . 'X.-j '- r , f 

&&>•. a A '* .. 

' S- 


_5.J63: __ : h* -1 

44,134 © * 

CJ 

Indirect Costs Total, :r ,• 
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16. Other: sources of f.nanciof support: 

List financial support from oil sources, including own institution, for this and relaled research projects. 


~ Title of Project 

5 Relation of lymphatics to 
V* cardiopulmonary function. 


tS i: ^ 


CURRENTLY ACTIVE 


Source 


(give grant numbers) 

Amount 

Department of Health, 
Education and Welfare 

276,000 

HL 3ISO-16 to 3180-20 

2nd year 

* 

53,093 

i 

i 


Inclusive 

Dotes 


276,000 Dec.1, 1973 - Nov.30,1977. 


Title of Project 


PENDING OR PLANNED 
Source 

(give grant numbers) 


Inclusive 

Dates 


- is understood that the investigator and institutional 
fficers in applying for a grant Have read and accept 
le Councils "Statement of Policy Containing Conditions 
* nd Terms Under Which Project Grants Are Made." 


Principal investigator 

San 

Typed Name^-- 

SiQnatuf e 

Telephone __jjjj._ 

Area Code 


Sanford E. Leeds, M.D. 

Dote y Ayy 


Date . y * ‘ 

567-0950 / 

Number Exteniiort 


hecks payable to 

Zion Hospital and Medical Center 

tailing address for checks 

Mr. George A. Thompson, Controller 
— M o u n t —Zaon-HospTjtaL -and- Medical -Center— 
P. 0. Box 7921, San Francisco, Cal. 94120 
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Responsible officer of institution 
T) ped Nome Jay Okun Yedvab 

Titlo E xe cutive D irector, 

Signature 


Telephone _ 


\ 415 567-6 

Area Code Numbei 


_Date _ 

567-6600 201 


1/25/74 


Ei'mon 

x 'r * 
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1. Prmapaf (nvestig^torigive title an^ degrees): 


LJj 


Patrick E. Lentz, Ph.D. 

* a' R * .. * - 

' ' 

2. Institution &. address: r 

: : Tulane University School of Medicine 

\ 1430 Tulane Avenue 

, New Orleans, Louisiana 70112 
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Department of Physiology 
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> Cigarette Smoke and Transport of Substrates by Alveolar Macrophages 
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5. Proposed starting date: January, 1974 * *v.. / 

6, Estimated time to complete: 36 months . 

7- Brief description of specific research aims’; , 

Recent studies in this laboratory have demonstrated that aqueous 
extracts of cigarette smoke inhibit the ability of alveolar macrophages 
y to actively transport the non-metabolizeable amino acid, or amino . - //- 

iaobutyric -^O (AIB). The aim of this research program is to l *\ Re¬ 

examine the mechanisms whereby certain components of cigarette smoke 
interfere with the transport of AIB across the membrane of alveolar . 

macrophages. . * ' 

The specific objectives of this investigation are: 

1) to establish the dose response and time course relationships 
for the effects of aqueous extracts of cigarette smoke (AECS), 
nicotine, and cadmium on the active accumulation of a non- t, 

metabolizeable amino acid, AIB, by alveolar macrophages ^ 

'2) to determine the effects of AECS, nicotine, and cadmium on O' 

the kinetic parameters of active accumulation of AIE * © ; ;; , 

3) to study the relationship between the effects of AECS, C3 

■ ■■ nicotine, and cadmium on AIB transport and the concentration 

‘ of ATP in alveolar macrophages .. .. • vc 

.4) to study the relationship between the effects of AECS, ' -V.' . .'.”2 


x {r • 4j to study the relationship between the ettects ot At.cs, 

X .. nicotine or cadmium on AIB transport, and alteration (pf the 

■' nature or active site of the carrier.''.' T"*.. 
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• 8. Brief statement of working hypothesis: 
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Alveolar macrophages are a vital component of the 
pulmonary host defense systems* These cells are responsible 
for phagocytosis, killing and degradation of bacteria which pene¬ 
trate to the alveolar surface. Since the functional integrity 
of the alveolar macrophage depends, to a certain extent, on the 
availability and membrane transport of essential substrates, * " " 
our observations of a depression in active transport after 
exposure to extracts of cigarette smoke may have important 
clinical significance in pulmonary disease states associated • ; * 
with inhalation of cigarette smoke* - ■ - ■ 

I have formed the working hypothesis that certain components 
of cigarette smoke impair the ability of alveolar macrophages 
to actively transport an amino acid either by decreasing the 
quantity of binding sites or carrier molecules in the cell ^ 
membrane or by reducing the energy supply available for trans¬ 
port. 
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•■ J0, Jpoce O/lrf facilities available (when elsewhere than Item 2 Indicate*, state location): 
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Adequate laboratory and office space are provided by the 
Department of Physiology. Facilities for purchase and mainte¬ 
nance of rabbits are available in the Department of Vivarial 
Science, Tulane University School of Medicine. . 

~ 7 ' ' Major items of equipment available in this Department include: 
one Filtrona Smoking Machine, one PR-6 Refrigerated Centrifuge, one 
Nuclear Chicago Liquid Scintillation Counter, one Beckman DBG 
Spectrophotometer, microscopes, vacuum oven. 
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11. Additional facilities required: 




An additional Dubnoff shaking water bath is requested. 



12. Biographical sketches of investigator(s) and other professional personnel (append): 

CV append. 

13. Publication*: (five most recent and pertinent of investigotor(s); append li*t, and provide reprint* if available). 

Append list and reprints. 
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PATRICK EDMUND LENTZ, Ph.D. 
BIRTHDATE:__ 

plac e : -REDACTED 

Married 


EDUCATION: 

Institution 

* Loras College 
Dubuque, Iowa 

Marquette University 
Milwaukee, Wisconsin 

Marquette University 
Milwaukee, Wisconsin 
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University of Wisconsin 
Madison, Wisconsin 


Brown University 
Providence, R.I. 

Marquette University 
Milwaukee, Wisconsin 


POSITIONS: 

Brown University 
Providence, R.I. 


1967-1968 


Tulane University School of 1969- 
Medicine, New Orleans 


Degree 

Bachelor of Arts, Biology 


Master of Science, Medical 
Physiology 

Completion Academic Require¬ 
ments for Doctor of 
- Philosophy ^ « v 

Special Student (Doctoral 
research with Dr. J. L. 

Van Lancker 

Special Student 


Doctor of Philosophy Degree 
in Medical Physiology 


Research Associate, Division 
of Biological and Medical 
Science 

Assistant Professor, 
Department of Physiology 




FELLOWSHIPS: . • 

F* 

1. Predoctoral Trainee, United States Public Health Service, 1962-1966. 

2. Predoctoral Fellowship, United States Public Health Service, 1966-1967. frt 
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PROFESSIONAL SOCIETIES: " # ; 

RESEARCH EXPERIENCE: 

1962-1964 Research on the role of the functional status of the 

reticuloendothelial system in the pathogenesis of hemorrhagic 
shock, 

1964-1967 Research on the site of synthesis of beta glucuronidase In 
regenerating rat liver, 

(a) studies on the site of synthesis and transfer of 

beta glucuronidase from the microsomal to the small " 

mitochondrial or lysosomal fraction, ^ 

(b) comparison of the catalytic properties of beta .-7* * 

glucuronidase purified from microsomal and small 
mitochondrial fractions. "" . 

1967-1968 1. Research on the localization, mode of attachment 

and release of beta glucuronidase from microsomal sub¬ 
fractions. 

2. Research on the site of synthesis of glutamic 
dehydrogenase. . 

1969-1970 1. Biochemical characterization of parenchymal and Kupffer 

cells isolated from rat liver. 

1971-present 1. Synthesis of RNA, DNA and protein by parenchymal and 
Kupffer cells isolated from rat liver. 

2. Effect of actinomycin D, chloromphenicol and puromycin 
on nucleic acid and protein synthesis in parenchymal and 
Kupffer cells isolated from rat: liver. 
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4. Metabolic, phagocytic and bactericidal activities of 
alveolar macrophages exposed to air pollutants such as 
cigarette smoke* 


RESEARCH INTEREST: 

1. Physiological role of parenchymal and Kupffer cells in liver 
metabolism. 

2. Effects of nutritional status, and drugs on metabolism of liver 
Kupffer and parenchymal cells. 










. f.** 






Effects of air contaminants (cigarette smoke, oxides of nitrogen 
and sulfur) on metabolic and bactericidal activities of 
pulmonary alveolar macrophages. 

Molecular mechanisms of the immune response. Role of macrophage 
RNA in the initiation of an immune response to specific antigens. 



_ ». 'JfC**-* 

' ■ - 







Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 



PUBLICATIONS: 
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Lentz, Patrick E., James M. LIpo and William J. Stekiel. Effect of 
hemorrhagic shock on rat plasma lysosomal hydrolase activity. 

Fed. Proc. 24, 1965 (Abstract). 

Lentz, Patrick E. and James J. Smith. The effect of reticuloendothelial 
stimulation on plasma hydrolase activity in hemorrhagic shock. 

Proc. Soc. Exp. Biol. Med. 124:1243-1248, 1967. 

Lentz, Patrick E.' Studies on the Site of Synthesis of Beta glucuronidase. 
Ph.D. Thesis, Marquette University, 1967. 

Lentz, Patrick E. and J. L. Van Lancker. The transfer of beta glucuroni¬ 
dase from the microsomal to the small mitochondrial fraction in 
hypoxic livers. Am. J. Pathol. 1968 (Abstract). 

Van Lancker, J. L. and Patrick E. Lentz. Molecular mechanisms of liver 
regeneration. VI. The site of synthesis of beta glucuronidase. 

J. Histochemistry and Cytochemistry. 18:529-541, 1970. 

Van Lancker. J. L., V. Melnick and P. E. Lentz. Site of synthesis 
of glutamic dehydrogenase in regenerating rat liver. (manuscript 
in preparation). 

Lentz, Patrick E. and N. R. Di Luzio. Biochemical characteristics of 
parenchymal and Kupffer cells isolated from rat liver. Exp. Cell 
Res. 67:17-26, 1971. 

Lentz, P. E. and N. R. Di Luzio. Isolation of immunogenic RNA from 
liver, splenic and peritoneal macrophages (accepted RES - J. 
Reticuloendothelial Soc., 1973). 

Lentz, P< E. and N. R. Di Luzio. Effect of AET (B-amino ethyl iso- 
thiouranium) and isologous bone marrow on reticuloendothelial 
function after cobalt-60 irradiation (submitted for publication 
Radiation Research). 
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Lentz, P. E. and N. R. Di Luzio. Biochemical composition of Kupffer 
and parenchymal cells isolated from normal, RE-stimulated or 
depressed; rats. RES, J. Reticuloendothelial Society 9:609, 1971 
(Abstract). 
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Lentz, P. E. Bactericidal and metabolic activities of alveolar macro¬ 
phages exposed to tobacco smoke* Abstract of paper presented at 
Eighth National Meeting of the Reticuloendothelial Society, Detroit, 
Michigan, November 30, 1971. 

Lentz, P. E. and N. R. Di Luzio* Comparative influence of aqueous 

extracts of cigarette smoke on phagocytic, bactericidal and metabolic 
• activities of macrophages. Abstract of paper presented at 

symposium sponsored by American Medical Association Education and 
Research Foundation, May, 1972. 

Pisano, J. C., J. T. Patterson, R. Trejo, E. Hoffmann, P. E. Lentz and 
N. R. Di Luzio. Hepatotoxic effects of horse anti-mouse lymphocyte 
serum. Exp. Molecular Pathology 16:302, 1972. 

Lentz, P. E. and N 1 . R. Di Luzio. Phagocytic and Bactericidal Activities 
of rat alveolar macrophages exposed to aqueous extracts of cigarette 
smoke in vitro. (submitted Am. Rev. Resp. Disease). 

Lentz, P. E. Effects of actinoraycin D, puromycin and chloramphenicol 
on nucleic acid and protein synthesis by Kupffer and parenchymal 
cells isolated from rat liver. Rush Presbyterian St. Luke's Medical 
Bulletin 12:211-221, 1973. 

Lentz, P. E. and N. R. Di Luzio. Isolation of adult rat liver macro¬ 
phages (von Kupffer cells), in Biomembranes (Cells, Organelles and 
Membraneous Components). A volume of Methods in Enzymology. ed. 

S. P. Colowick and N. 0. Kaplan. Academic Press, Inc, New York, 

NY, Accepted for publication. 

Lentz, P. E. and N. R. Di Luzio. Functional alterations in alveolar 
macrophages exposed to cigarette smoke in vitro and in vivo. 

Abstract of paper to be presented at 9th National Meeting of the 
Reticuloendothelial Society. December, 1972. 
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Lentz, P, E. and N. R. Di Luzio. Transport of alpha aminoisobutyric 
acid by alveolar macrophages incubated with cigarette smoke and 
nicotine. (Submitted Arch. Environ. Health, 1973). 

Lentz, P. E. and N. R. Di Luzio. Peroxidation of lipids in alveolar 
macrophages and pulmonary protective factor by aqueous extracts of 
cigarette smoke (submitted Arch. Environ. Health, 1973). 
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^ ]4, First year budget; ' '~’~ v ' ~" v ** r * - * .. 1 

s" A. Salaries (give names or state "to be recruited") 

/ . ‘ Professional (give % time of investigators) 

©yen if no salary requested) 


Patrick E- Lentz, Ph.D. 
Principal Investigator 
Fringe ’Benefits 




V 


% time 


22 


Amount 


:mcm 


Technical 


Research Technician, Grade III 100 

Fringe Benefits 


^acted 


hedaiASP 

Sub-Tolal for A 

B. Consumable supplies (by major categories) 

1,600.00 
600.00 

800.00 
600.00 
100.00 
3,700.00 


Animals 160 rabbits @ $10 ea. 

Isotopes °f -aminoisobutyric acid -l-l 1 ^ 

Inulin carboxy 

Scintillation counting supplies 
Laboratory chemicals and glassware 
Cigarettes 

Sub-Total 1 for B 


C. Other expenses (itemize) 


Travel one National Meeting 


300.00 


Sub-Total for C 
Running Total of A + B 4- C 


300-00 


,v 


‘V 


D. Permanent equipment (itemize) 


_ 17.588.00_ V, 


1 Dubnoff Shaking Water 

E. Indirect costs (15% of A+B+C) 

15. Estimated future requirements; 

Bath 


400.00 


Sub-Total for D 

E 

S 

s 

cn 

400.00 g- 

2.638.00 CM 


Total request 

_ 20,626.00_ ^ 

Salaries Consumable Suppl. 

Other Expenses 

Permanent Equip. 

Indirect Costs Total 

Year 2 ' kEDACTED 3,700.00 

300.00 

-0- 

2,753.00 $21,104.,00 

Year 3 3,700.00 

300.00 

-0- 

2,886.00 $22,126.00 
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16. Other sources of financial support: 

lilt finonoa! support from oil sources, including own institution, for this and related research pro|ects. 


CURRENTLY ACTIVE 


r* ' * 

; > *U . 

> d 

* 

' Vk>7 

Title of Project 

Source 

(give grant numbers) 

Amount 

' , ' v * 

|I % 4^* A 

' Vu* 

None 






PENOMG OR PLANNED 


\ 


Title of Project 

Source 

(give grant numbers) 

Amount 


c 

Transport of Glucose 

By Alveolar Macrophages 

National Heart and 
| Lung Institute 

30,000. 

i 






Inclusive 

Dotes 


Inclusive 

Dates 


2 years July 1974-76 


* V 

V v 
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ft is understood thot the investigator ono institutional 
officers in applying for o grant hove read and accept 
the Council's '’Statement of Policy Containing Condition> 
and Terms Un^er Which Project Groms Are Made " 


Checks payable la 

Tulane University _ 

Moiling address for chocks 

Jesse B. Morgan _ 

. „_Business Manager and Comptroller 


Principal investigator 

Typed Nnm. Patrick E. Lentz, Ph.D. 

Signature . _Dote UL 

Telephone _ 



Responsible officer of institution 

Typed Nome _il • _X.. , 111 1 jJLD a 

Title. ^- Vice -Dean / / _ 


Tulane. University 

New Orleans, La. 


Signature 
Telephone_ 




rDate 
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Amino Acid Transport in Mammalian Cells 




***** • 










The cell membrane has the capacity to transport solutes into 
and out of the cell. These transport processes are responsible 
for maintaining the constancy of the internal environment of the 
cell and providing the substrates required for cellular metabolism, 
and synthetic activities. Within the last decade the molecular 
mechanisms underlying membrane transport have begun to be unraveled, 
and certain characteristics of the transport process are now well 
established. Kinetic studies with bacterial and mammalian cells 
have provided convincing evidence for mobile membrane carrier sys¬ 
tems with variable degrees of specificity for a variety of solutes. 
Unfortunately, the chemical nature of the carrier has not been 
established, and until such data are available, there will be a 
considerable gap in our understanding of the precise mechanism of 
operation of the transport system. 

This review of the literature will be restricted to: 1) the 
active transport of amino acids in animal cells; the many inter¬ 
esting features of iorganic ion, water, and carbohydrate transport 
in both mammalian and bacterial cells has been reviewed recently 
a, 2 , 3, 4, 5); and 2) the influence of air contaminants on 
membrane function. 

* . - . i • 

A. Terminology 


1. Active transport is defined as the net movement of a 
. solute against an electrochemical gradient with expenditure of 
metabolic energy. From an operational point of view* an active 
transport system carries out a three step process: a) binding 
of a solute to a receptor site; b) translocation of the solute- 
receptor complex across the plasma membrane; and c) coupling of 
the process to metabolic energy. 



2. Facilitated diffusion is a carrier mediated process of 
solute uptake which does not require utilization of metabolic 
energy under normal physiological conditions. 

3* Transport system , carrier % membrane carrier are used 
interchangeably to identify a system* obeying saturation kinetics* 
which facilitates movement of specific solutes across cytoplasmic 
membranes. Also signifies the part of the transport system which 
determines its specificity. 


4*. Distribution Ratio is defined as the ratio of the 
concentration of solute in the intracellular water to that in the 
extracellular water, if and only if the solute is free in the 
aqueous phase and not metabolizeable by the cell. 

5. Steady state signifies the maximum intracellular con- 
centration of the solute which can be attained by the cell under 
*. ' ' defined conditions of pH* solute concentration, and temperature. 

r‘\: B. Amino Acid Transport in Animal Cells 

-V- i ••• :• • 

v _ The first observations pointing to a "concentrative uptake” :'y. •i *0L 

.' V by animal cells were probably made by Van Slyke and Meyer, who 

- • v v- * -ip; • • . v 
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in 1913 found that amino acids injected intravenously rapidly 
disappeared from blood (6). The important pioneering work in 
Studying accumulation of amino acids by animal cells was carried 
out by Christensen and colleagues (7, 8, 9, 10, 11) who tested 
several types of cells for their ability to concentrate each amino 
acid out of the whole spectrum of natural amino acids and some of 
their close analogs. Since Ehrlich ascites carcinoma cells (Ehr¬ 
lich cells) concentrate all the natural amino acids, and maintain 
higher distribution ratios than most other cells (12) , they have 
been more extensively employed for studies on amino acid transport 
than other cells. Although detailed studies have been made of amino 
acid transport in intestine, kidney, and' erythrocytes, the general 
conception of membrane transport of amino acids is derived from 
its characterization in the Ehrlich cell (13). Data from other 
types of cells support the concept that most, if not all, living 
cells are able to transport at least some amino acids, although 
different cellular species may differ greatly with respect to the 
development of particular amino acid transporting systems (2, 4-, 5). 

B.l. Kinetics of Amino Acid Transport 







Transport of most natural amino acids, and analogs of amino 
acids, appears to be mediated' by a membrane carrier that binds 
the substrate before translocating it from the outer to the inner 
surface of the plasma membrane. This model is inferred from cri¬ 
teria, such as saturation kinetics, specificity, and competitive 
inhibition by other amino acids, that are considered to be char¬ 
acteristic of carrier mediated transport (14} • 

Hie transport of natural amino acids shows saturation kinetics 
that often fit the Michaelis Menten relationship, and double reci¬ 
procal plots of initial velocity against substrate concentration 
are linear, at least in the lower ranges of concentration. Since 
the kinetics of carrier mediated transport are similar to enzyme 
kinetics, the initial reactions of transport are often represented 
by the simplified model (15, 16, 17): 


ki k 2 _ 

C + Se < -Z CS < — ■ > C + Si 

k 3 


where C represents the carrier, and Se, and Si represent the 
extra- and intra- cellular concentration of substrate, respectively. 
CS represents the carrier substrate complex and k (k, , k„, k_, k ) 
represents the rate constants. 


c 


) --- 


If the total number of carriers is represented by Ct, the 
maximal rate of unidirectional influx can be expressed by equation 1: 


*> . 

-V' > 


Vmax - 1<2 (CtS) 


cu 


Under defined conditions, Vmax is directly proportional to ther 

""" i 


number of membrane carriers. The initial rate of transport (Vo), 
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at a single concentration of substrate, is detemined by equation 2: 


Vo 


Vmax 


(- 


_COLI¬ 
CS) + Km 




where Km is the substrate concentration which gives half maximal 
velocity. Thus, the initial rate of transport at any single 
concentration of substrate is determined by the following rela¬ 
tionship: 



From equation 3 it is apparent that the initial rate of influx 
transport is influenced by three factors: k 2 * (CtS) , and Km. 

It is assumed in this discussion that k 2 can be influenced only 
by exchange diffusion (stimulation of solute flux by the intra¬ 
cellular concentration of solute) . The number of membrane 
carriers are reflected by the initial velocity under different 
experimental conditions only when k2 and Km remain constant. 

The kinetic equations described above apply to the carrier 
mediated flux of substrates from the extracellular to the intra¬ 
cellular water. These equations do not include the contribution 
of simple passive diffusion which occurs when Se^Si- 

Christensen and Handlogten (18) have reached the conclusion 
that amino acids escape from the Ehrlich cell via a carrier 
mediated route similar to that used for uptake. In addition 
as the concentration of Si increases back diffusion will increase. 
Thus a set of equations similar to those derived above can be 
written for the unidirectional flux of substrate from the intra¬ 
cellular water to the extracellular water. Relatively little 
information is available on the characteristics of carrier media¬ 
ted efflux. Christensen and Handlogten (18) have demonstrated 
that the Km values for carrier mediated efflux were, in general, 
much larger than those for influx, whereas, the Vmax values for 
the two directions were similar. 

These results imply that the "apparent affinity 11 of the carrier 
for efflux is much lower than for influx and that under the normal 
conditions of transport studies (ie., short incubation times) the 
amount of substrate pumped from the cells may be small* 

Therefore the net flux of substrate across the cell membrane 
is described by; 


Ms e ~* inet =. Ms e >i - Ms i_>e 

where Ms e > ^, and Ms^ represent the movement of substrate ’ 
from extracellular (e) to intracellular (i) , or vice versa. 


'-3- 


1 
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Bach of these unidirectional fluxes is composed off a carrier 
mediated and passive diffusion component, and the steady state 
condition will be given by: 


. - 
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^e—*i steady state_ 

k CtS rSef + k D fSe-Sil 


k..CtS Si + k„ fSi-Se) 

- 

* (Se) + Km 


. Si + Km 

— ‘ _ 

# %• 


where k^ is the diffusion constant of the substrate. 

Even in cases of a straight and homogenous Michaelis-Menten 
relationship the interpretation of Km and Vmax is difficult (14-) . 

Km, the half saturation constant, is not an accurate index of the 
affinity between the carrier and amino acid because Km and Vmax 
are dependent on the mobility of the loaded and unloaded carrier. 

If the loaded and unloaded carrier have different rate constants, 
the initial velocity of transport would be determined by the res¬ 
pective concentrations of loaded and unloaded' carrier at any given 
time. Thus, any factor which influences the ratio of these two 
rate constants would change Km even though the affinity of the 
carrier for the substrate is unchanged. In a similar manner, Vmax, 
which is often interpreted as the product of the total number of 
carriers, and the rate coefficient for the loaded carrier, may be 
limited more by the supply of energy (ATP) than by these two factors. 

- ' ' In spite of these reservations about the interpretations of 
Vo, Vmax, and Km, determinations of these parameters of transport 
have provided valuable insights into the mechanisms by which 
hormones (1, 19, 20) and drugs (1) influence transport of amino 
acids in cells and tissues. These terms will be defined and inter¬ 
preted in this research project as follows: 

1) Initial velocity (Vo): rate of transport at a single 
concentration of substrate; reflection of the total number of 
carriers if k2 and Km are unchanged. 

2) Maximum velocity (Vmax): total capacity of the system; 
reflection of the amount of energy available to the transport 
system. 

3) Michaelis-Mcnten constant (Km): concentration of substrate 
which yields half maximal velocity; reflection of "apparent affinity" 
or "nature" of the carrier. 


y 

* 




B.2. Specificities and Special Systems for Transport of 
Amino Acids 

Transport systems, like enzymes, are specific for certain 
amino acids or groups of amino acids. As a general rule, trans¬ 
port systems are less specific than enzymes, since they only 
prefer certain amino acids, and there is considerable overlapping 
specificity between the different systems (1, 21). For example: 
L-amino acids are transported more rapidly than the D-configura- 
tion; neutral amino acids require a free carboxyl and free amino 
group in the alpha position and a nonpolar side chain; 
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of the nonpolar group with anionic or cationic groups will abolish 

-the. affiei-tv of the amino acid for neutral transport systems, and 
increase the affinity for a system specific for acidic or basic 
amino acids. 

The most extensive characterization of the specificities 
of different systems for amino acid transport has been made by 
Oxender and Christensen (22). Their studies have identified 
several systems for transport of neutral, basic and acidic amino 
acids. The characteristics of the "A" system are included in this 
discussion because alpha amino isobutyric acid (AIB), the amino 
acid analog used in this research program, is known to be transported 
by this system. 


A system Q.3) 


defined in: Ehrlich Cell 

Substrates: all neutral amino acids (alanine, glycine, proline) 

and analogs of amino acids, amino isobutyric (AIB) 
and N-methyl amino isobytryric acid (MeAIB) 

Vmax: constant 

dependency on Na ion: first order; causes one sodium to migrate 

inward per amino acid molecule 
pH sensitivity: barely detectable at pH 5 
mechanism: active transport 

other apparent sources: Hamster intestine, kidney, brain, hepatoma 

tissue culture cells; conspicuously 
absent from mature erythrocytes 

Although these kinetic studies have characterized several 
transport systems in Ehrlich cells for neutral, basic and acidic 
amino acids the degree to which these systems are represented in 
normal animal cells remains to be established. Attempts have 
been made to generalize the transport systems of Ehrlich ascites 
tumor cells to other mammalian cells. However, several differences 
in the transport systems for lysine in alveolar macrophages and 
tumor cells are readily apparent (Section C)* The extensive studies ' 
of Christensen have provided insights into the transport mechanisms, 
and offer an invaluable guide for studying transport systems in 
other types of cells. 

B.3. Ions and Amino Acid Transport Systems 




One of the most interesting aspects of amino acid transport 
systems in animal cells is a requirement for extracellular sodium. 
This sodium dependency is characterized by two distinctive features; 
1) if sodium ions arc removed from the incubation media the uni¬ 
directional influx of the amino acid is decreased, and 2) the 
steady state concentration of the amino acid in the cell is equal 
to that in the incubation media. These effects may result from a 
decrease in maximal flux, an increase in apparent Michaelis-Menten 
constant (decreased affinity), or both, depending on the type of * 
cell and the amino acid. . 


^ ^ The effect of alkali metal ions on the transport of amino 

~ acids and sugars has been studied in a variety of cells and '***/*' 
v.;y * - - tissues (1, 3, 4, 10). In most cells, the data support the hypo- 
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thesis that sodium ion is a Co- substrate for the carrier systems 
That is, movements of sodium ions down their electrochemical gra¬ 
dient provides the ultimate driving force for active accumulation 
of amino acids. The alveolar macrophage is an exception, and the 
anamolous effects of Nat in this cell are discussed later. There 
are at least three ways in which sodium ion could act as a co¬ 
factor for amino acid transport: 1) facilitation of energy utili¬ 
zation perhaps via Na-dependent adenosine triphosphatase (experi¬ 
mentally measured as an increased Vmax) ; 2) increasing the affi¬ 

nity of the carrier for the substrate (experimentally measured 
as a decreased Km); or 3) combination of 1&2. 

B.4. Energetics of Transport 

Active accumulation of amino acids is an energy dependent 
process. Inhibitors of oxidative metabolism, such as cyanide, 
dinitrophenol, or anaerobiosis, inhibit accumulation of amino 
acids in a variety of cells (1, 23). Usually, these experimental 
conditions do not completely depress the uptake suggesting, per¬ 
haps, that anaerobic glycolysis or other sources of energy are 
available for active transport. As discussed in Section B.3. the 
sodium gradient hypothesis, rather than direct coupling of energy 
to transport, appears to provide the proximate driving force 
for the intracellular accumulation of amino acids. However, in 
either case of direct or indirect coupling of metabolic energy 
to amino acid transport, oxidative metabolism must generate ATP, 
and it is probable that active transport of amino acids is coupled 
to both ion gradients and expenditure of metabolic energy. Addi¬ 
tional studies concerned with the proportion of ATP utilized for 
operation of the T! Na+ pump n or amino acid transport in a variety 
of cells are clearly required. 

B.5. Chemical Basis for Transport 

Most models for transport of amino acids assume that the 
first step is a specific binding of substrate to a receptor 
site on a carrier molecule. This binding reaction is then followed 
by movement of the substrate-carrier complex through the plasma 
membrane and subsequent release of the substrate inside of the 
csll* The chemical nature of the carrier molecule remains specu¬ 
lative. In bacterial systems a number of proteins have been 
proposed as the active carriers involved in transport systems 
for a variety of amino acids, sugars and ions (5). Unfortunately, 
similar studies with animal cells has not yet progressed to the 
same extent. 








C.l. Amino Acid Transport in Alveolar Macrophages 



Transport of natural amino acids by rabbit alveolar macro¬ 
phages has been studied extensively by Berlin and colleagues (21). 
Their studies which used lysine, a dibasic amino acid, and leucine, 
a neutral amino acid, clearly supported the general conception 
of a carrier mediated system. However, there are a number of 
striking differences between the transport systems in alveolar 
macrophages and Ehrlich cells (24). First, lysine was transported 
by a single system which had some affinity for all natural amino. v 
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acids. In contrast, Ehrlich cells have more than one transport sys¬ 
tem for dibasic amino acids and have no affinity for acidic or neu¬ 
tral amino acids. Second, neutral amino acids, such as leucine or his¬ 
tidine, completely inhibited lysine transport. This observation im¬ 
plied striking differences in specificity between this cell and epithe¬ 
lial tissues where neutral amino acids do not block transport of dibasic 
amino acids. Third, leucine was transported by at least two systems: 
one common with lysine, and the other independent of the lysine. Fourth 
there was an inverse relationship between sodium and/or potassium and 
lysine accumulation. Replacement off sodium with potassium, or choline 
chloride had no inhibitory effect on lysine transportJ substitution 

of sucrose or mannitol for Na+ caused a 50% stimulation of lysine 
transport. In Ehrlich cells, reduction in extracellular Na+ drama¬ 
tically reduces the accumulation of all amino acids. These anamolous 
effects of sodium and potassium were associated with a decreased maxi¬ 
mal velocity and were not related to changes in apparent affinity of 
the carrier for the substrate. 


As discussed above the influence of sodium ion on active 
transport of amino acids by animal cells has been largely explained 
by the effect off Na+ to increase the affinity of nonelectrolytes 
to the carrier or to increase the rate of translocation of Na+ - 
substrate - carrier complexes across the membrane, or both (3). 

In addition, the bulk of the evidence supports the concept that 
the asymmetry of Na ion distribution provides the ultimate driving 
force for amino acid accumulation. The accumulation of lysine by 
alveolar macrophages cannot be explained by the sodium gradient 
hypothesis because the effects of sodium and potassium are equiva¬ 
lent. The physiological significance of these novel cation effects 
is uncertain and additional studies with other amino acids are 
required to identify and characterize the systems for transport of 
amino acids by cells in the lung. 


Carrier mediated transport and phagocytosis are two distinc¬ 
tive mechanisms for transporting substances across plasma membranes 
of macrophages. Data from a recent study of Tsan and Berlin (17) 
suggested that the membrane sites for phagocytosis and amino 
acid transport are topographically distinct. In these studies, 
alveolar macrophages phagoeytized polyvinyl toluene (PVT) spheres 
before measurement of lysine transport. If the transport and 
phagocytic sites were intermixed a depression in transport should 
have been observed because large amounts of membrane (more than 
50%) are known to be internalized during phagocytosis. However, 
there was no difference in transport between phagooytically active 
and resting cells. These results suggested that 1) the two sites 
were geographically separate, or 2) carrier molecules were rapidly 
synthesized and inserted into the membrane of the alveolar macro¬ 
phage . 

These possibilities were investigated by treatment of the 
alveolar macrophages with p-chloromercuribenzene sulfonic acid 
(PCMBSA). This agent is a powerful sulfhydryl inhibitor (25) 
that blocks lysine transport (17) , but does not kill or penetrate 
the membrane of macrophages (17). Tsan and Berlin treated alveolar 
macrophages with PCMBSA before incubation with PVT and measurement [“ J 
of lysine transport. If new carriers were introduced during phago- 
eytosis, the inhibition of lysine transport should have been at 
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least partially reversed. However, the depression in lysine trans¬ 
port was identical in control and phagocytically active cells 
indicating that new carriers were not introduced into the membrane 
of macrophages during phagocytosis. 

The impermeability of membranes to PCMBSA makes this com¬ 
pound an ideal tool to quantitate the number of surface sulfhydryl 
groups (25). Since the inhibition of lysine transport by PCMBSA 
was prevented by high concentration of substrate it was probable 
that this compound reacted with -SH groups in the active site 
of the lysine carrier. Using radiolabeled PCMBSA, the number of 
membrane -SH groups reacting with the sulfhydryl agent was measured 
in the presence and absence of high concentrations of lysine. 

In these experiments, about 13% of the total number of -SH groups 
in the membrane were responsible for lysine transport. These 
studies imply that -SH groups in the macrophage membrane are 
involved in the transport system for lysine. Unfortunately, similar 
experiments with other amino acids have not yet been performed 
and it is not possible to state whether active sites of carriers 
for other amino acids also require sulfhydryl groups. The impor¬ 
tance of these studies is that they clearly demonstrate that trans¬ 
port sites, at least for lysine in the alveolar macrophages are 
topographically distinct from phagocytic sites and that the active 
site of the lysine carrier contains -SH groups. 

Ukena and Berlin (26) have recently examined the role of the 
microtubule system in maintaining the topographical distribution 
of lysine carriers in membranes of the polymorphonuclear leuko¬ 
cyte (PMN). Incubation of PMN with colchicine or vinblastine, 
plant alkaloids which specifically bind to microtubular proteins 
of mammalian cells and disrupt microtubular function, had little 
effect on lysine transport. However, when PMN were allowed to 
phagocytize inert particles in the presence of these drugs, mem¬ 
brane transport of lysine was markedly decreased. These studies 
suggested that microtubules may be involved in maintaining the 
topographical distribution of carriers in cellular membranes, or 
tiiat the alkaloids destroyed the cells. 


•The relationship between microtubules, active transport and 
phagocytosis in alveolar macrophages exposed to air contaminants 
has never been examined. Studies on this relationship would be 
attractive with cigarette smoke as the contaminant because nicotine 
is a major component in smoke (27). Although data are not available, 
it is possible that nicotine, a plant alkaloid, destroys microtu¬ 
bules, and', in a phagocytizing cell, a depression in transport 
could occur because of the lack of topographical separation of 
transport and phagocytic sites. 


c 


Recent experiments of Berlin have examined the temperature 
dependence of lysine and adenosine transport systems in alveolar 
macrophages (28). These experiments revealed a sharp transition 
temperature in Arrhenius plots of velocity versus the reciprocal 
of temperature. In bacterial systems, transition temperatures -< 'T. 
are characteristic of the fatty acids incorporated into the membrane. 
Sharp transition points are not usually observed in animal cells 
because cholesterol usually broadens or masks the transition. ■ 
Although the precise explanation for these transition points is 
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not certain, they may reflect a transition of long chain fatty 
acids from a tight, crystalline array to a disordered, more liquid, 
state. An alternative explanation for transition temperatures 
in transport systems is that the carrier (protein) exists as 
an equilibrium between conformers which are ravored' by high or 
low temperature, respectively. Conformational changes have also 
been invoked to account for the transition temperature observed 
with the Na+, K+ dependent ATP-ase system in membranes (29). 

Whether the temperature characteristics of transport are 
related to phase transitions of lipids or to shifts in the ratio of 
carrier conformers remains to be seen. However, each mechanism 
could provide a basis for regulating transport without synthesis 
or degradation of carrier proteins (28). 




II. Alteration of Plasma Membrane Functions by Air Contaminants 

Several recent studies have convincingly demonstrated that 
air contaminants impair the functional properties of alveolar 
macrophage membranes, as measured fay the loss of "adhesiveness," 
increased uptake of trypan blue, decreased phagocytosis and 
killing of bacteria, inhibition of membrane bound enzyme activities 
and impairment of active transport. 


A. Permeability Phenomena 


C 




Exclusion of vital dyes has been widely used' for rapid deter¬ 
mination of cellular viability (30, 31) * Several investigators 
have shown that an increased' uptake of ionic dyes (trypan blue or 
eosin y) correlated well with the inability of cells to metabolize 
substrates or to multiply in tissue culture (32, 33, 34). An 
increased dye uptake is commonly interpreted as a loss of semiper- 
meability of the membrane and cells that take up dye are referred to 
as T dead T cells (30). Air contaminants, such as cigarette smoke 
(35, 36), aqueous extracts of smoke (37, 38), specific chemicals 
in smoke (39, 40), ozone (40, 41) or sulfur dioxide (40) have 
been reported to reduce the ability of cells to exclude trypan 
blue. In similar studies, I have found the behaviour of alveolar 
macrophages, incubated i n vitro with aqueous extracts of smoke, 
was equivocal towards trypan blue; some cells contained dye in the 
nucleus, in the cytoplasm and some in both nucleus and cytoplasm^ 

In addition, in the degree of staining there was variability 
ranging from light to intense blue. There are. a number of objections 
to dye exclusion as a technique for estimating cellular viability. 
First, these dyes are normally phagocytized or pinocytized by 
macrophages (42) and uptake of dye by these cells could be inter¬ 
preted as a stimulation of membrane activity rather than damage 
to the membrane. Secondly, this test differentiates damaged 
from undamaged cells o nly if the limits of the test are established 
for the type of cell and the suspending medium- being used (30, 43). 
Since most published reports on dye exclusion porperties of cells ‘ 
do not indicate the dye concentration, serum concentration, incuba¬ 
tion time or cell concentration, it is difficult to compare the t| 
data. Without prior standardazation, the data obtained with dye ""'f 
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exclusion* test are often erratic and difficult to objectively 
interpret. 

Additional qualitative evidence for alterations in the mem¬ 
branes of cells exposed Jji vitro to environmental contaminants 
is the observation that cells develop blebs or blister-like forma¬ 
tions, visible with the light microscope (39, 41), or detach 
from the surface of culture vessels (38, 39, 41)* Quantitative 
evidence for loss of membrane integrity is found in the studies 
of Hurst and Coffin (44) which demonstrated that exposure of 
macrophages to 2 ppm ozone for 3 hours enhanced the leakage of 
lysosomal hydrolases and detachment of cells from culture flasks. 
Addition of glutathione or cysteine to the incubation media eli¬ 
minated the loss of cell bound enzyme activity, and Hurst and 
Coffin suggest that -SH groups may be importantly involved in 
the maintenance of membrane integrity. 

These qualitative and quantitative studies suggest that plasma 
membranes were severely damaged or altered in order for proteases 
to leak from the cell, or for the cells to detach. If membrane 
damage is severe enough cells would lyse, and release a broad spec¬ 
trum of enzymes into the media or onto the surface of the lung. 

Holt and Keast have recently reported that a single acute exposure 
of mice to high concentrations of smoke resulted in an immediate 
and dramatic loss of macrophages in the lung (35). If these 
data represent lysis of cells, and* not an emmigration of cells 
from the lung, an observation of considerable clinical importance 
has been made because intratracheal injections of homogenates of 
leucocytes or alveolar macrophages can induce emphysema-like 
lesions in the lungs of dogs (45). Therefore a relationship 
between cigarette smolce induced death of macrophages, with con¬ 
comitant release of proteolytic enzymes, and development of emphy¬ 
sema in the smokers 1 lung may be possible. However, the implica¬ 
tions of the studies of Holt and Keast are tempered, somewhat, 
by the studies of Harris et al. which demonstrated a highly 
significant increase in the number of macrophages in the lungs 
of human smokers (46) . . 


B. Phagocytosis, Killing and Pinocytosis 


Specific functions of alveolar macrophage membranes have 
also been reported to be influenced by cigarette smoke. Stillman 
first observed that a heavy dose of cigarette smoke inhibited the 
clearance of bacteria in mice (49). Since bacterial clearance is 
primarily a function of the phagocytic activity of alveolar 
macrophages, Green and colleagues (39, 48), and* Lentz and Di Luzio 
(49) have studied the influence of aqueous extracts of cigarette 
smoke, or its gas phase, on the _in vitro pnagocytic activity of 
rabbit and rat alveolar macrophages. Both groups observed a marked 
depression in the uptake and killing of bacteria when aqueous ex¬ 
tracts or gas phase smoke were added to the incubation media. 
Interestingly, the toxic effects of smoke could be reduced, in 1 
part, by addition of biological antioxidants, such as glutathione' 
or cysteine, to the incubation media. These studies implied that 
cigarette smoke oxidized reducing substances in the cells and that 
these reducing substances (i.e. sulfhydryls) were required for • 
phagocytosis, and the activity of intracellular enzymes responsible 
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for generation of energy for phagocytosis, or production of bacteri¬ 
cidal substances. 




Schwartz et al. have demonstrated that nicotine, a major 
component of cigarette smoke, reduced the pinocytotic activity of 
peritoneal macrophages (50), and enhanced the release of pinolyso- 
somal contents (51). Although the mechanisms for these effects are 
not known these data suggest that smoke, its chemical components, 
or other air contaminants severely damage two mechanisms by which 
alveolar macrophages ingest a variety off substances. 

C. Synthetic Activities 


'i v' 
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Yeager has demonstrated that acute in vitro exposure of M. 
bovis induced rabbit alveolar macrophages to aqueous extracts of 
cigarette smoke, or its gas phase, reduced the rate and amount off 
X-leucine incorporated into acid insoluble protein (52). Similar 
. observations have been made by Holt and Keast with short term 
exposure of cultured alveolar and peritoneal macrophages to whole 
smoke or its vapor phase (37)* However, when cells were maintained 
in culture for 24* hours, after exposure to smoke, there was no 
significant difference between the incorporation of ^H-leucine by 
smoke exposed or control cells* These data, which were interpreted 
as a "recovery” phenomenon, must be interpreted with caution 
w because the ability of control macrophages, after 24* hours in 
culture, to incorporate leucine was decreased by about 70%. 
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Chronic exposure of macrophages in culture to whole smoke 
(%, 1, or 2 puffs each day for 4 consecutive days) resulted in 
a marked dose-dependent response in RNA and protein synthesis (37) . 

At low doses (%, or 1 puff) there was a significant increase in 
both RNA and protein synthesis; the highest exposure always resulted 
in a depression of incorporation and viability. The authors claimed 
that chronic exposure to low doses of smoke lead to the production 
of metabolically activated cells, and suggested that an increased 
incorporation signified an adaptative response of cells to a toxic 
environment. Earlier studies of Holt and Keast demonstrated a 
marked increase in the incorporation of ^H-uridine into peritoneal 
and alveolar macrophage RNA thirty minutes after exposure to 
whole smoke or its gas phase (35). Two patterns of nucleic acid 
synthesis were observed in macrophages 24 hours after exposure: 

1) when more than' 20% of the cells were dead-, there was a marked 

increase £n incorporation of uridine; and 2) when fewer than 

20% of the cells were dead, tritiated RNA synthesis was significantly 

decreased. These authors suggested that the susceptibility of 

macrophages (measured by viability and changes in RNA synthesis 

to cigarette smoke) may be determined, in part, by their basal 

rate of RNA synthesis. 


There are several alternative interpretations to the data 
of Yeager and Holt and Keast: 1) the decrease in incorporation 
of labeled amino acids or nucleic acid precursors may reflect a 
decreased permeability of the macrophage membrane or a decreased 
activity of membrane transport systems for these substrates; ’ ’ ‘ ~ 
2) the highly significant increases in protein and nucleic acid 
synthesis observed after short or long term exposures may result x.v 
from a transient increase in permeability, carrier activity or cellu¬ 
lar metabolism; 3) the depression in incorporation of the labeled 
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precursors may also reflect alterations in RNA or DMA polymerase 
activity, stability of messenger RNA for the protein being synthe¬ 
sized, ribosomal stability, or pool sizes of the substrates; 4) 
uniformly labeled uridine is not an accurate index of RNA synthesis 
because uridine can be metabolized to cytidine, and incorporated 
into DNA; 5) "rate" of incorporation implies that the time course 
of the incorporation was studied when, in fact. Holt and Keast 
used only a single time of incubation; 6) dead cells, estimated 
by trypan blue uptake, were not removed from the incubation medium 
before measurement of incorporation, and one would expect the 
reported data represented an "average" incorporation by damaged 
and undamaged cells. 

Neither Yeager or Holt and Keast considered these alternative 
interpretations and until such parameters of substrate incorpora¬ 
tion are evaluated the data presented can not be precisely interpreted- 

r 

D. Enzyme Activities 

The plasma membrane of macrophages plays an important role 
in the specialized activities of phagocytosis, pinocytosis, chemo- 
taxis and- active transport. Migration of macrophages, engulfment 
of particles, or transport, requires expenditure of energy, and a 
mechanism for converting the energy of ATP into the mechanical 
events of translocation. In many cellular systems, an ATP-ase 
mechanism' has been implicated as the membrane bound enzyme system 
responsible for transduction of chemical energy into work (53). 

Cross et al. have demonstrated Na+, K+, Mg++ adenosine triphospha¬ 
tase activity in plasma membranes of sheep alveolar macrophages 
(54) . Since this enzyme system is membrane bound and an integral 
part of the ion "pump mechanism 1 ,’ it would appear to be useful as 
a ’marker T for quantitative studies on the interactions of air 
contaminants with membranes of cells in the lung. Cigarette 
smoke is known to contain a number of substances which could inhibit 
the activity of the membrane ATP-ase system (27) - Nicotine (54) 
and cadmium (56), two components of cigarette smoke, have been shown 
to inhibit the activity of this enzyme system in alveolar macro¬ 
phages. Although these studies did not establish a relationship 
between inhibition of this enzyme system and other functions of 
membranes, they certainly suggest an attractive hypothesis for 
evaluating the toxicities of air contaminants. 

Recent experiments of York et al. demonstrated an inhibition 
of cellular respiration by extracts of smoke (59). Since the alveo¬ 
lar macrophage is an obligatory aerobe (58), these studies point 
out another potential mechanism for the toxic effects of cigarette 
smoke; that is, inhibition of aerobic metabolism would lead to a 
deficiency of ATP which, in turn, could produce a depression 
in phagocytosis, substrate transport, or synthetic activity. 


% •/ ; "i 



C 


E. Amino Acid Transport in Alveolar Macrophages Exposed to 
Air Contaminants 

' Previous studies in this laboratory have demonstrated that 
aqueous extracts of cigarette smoke (AECS) or nicotine, at concen¬ 
trations which did not significantly reduce cellular viability, 
as measured by dye exclusion, markedly depressed the transport of 
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alpha aminoisobu-tyric acid (AIB) by rabbit alveolar macrophages 
(59)* Since this material has been submitted for publication, 
a summary of the significant observations is included here. 

Incubation of macrophages with 0.01, 0.05 or.0.1 ml of AECS 
for 60 minutes resulted in a small but not significant increase 
in AIB accumulation as measured by intracellular to extracellular 
ratio greater than controls (Table I) . However, higher concentra¬ 
tions of AECS always resulted in a highly significant decrease in 
accumulation of AIB. The stimulation of membrane transport proba¬ 
bly resulted from an increased matabolism; the depression in 
transport at the higher concentrations is probably related to 
an alteration in carrier activity of generation of ATP by the cells 
because there was no significant loss of cells or a marked reduc¬ 
tion in cellular viability (Figure I). 

AECS (0.5 ml)"depressed the rate of accumulation and steady 
state value of AIB in alveolar macrophages. Since maximal and 
initial rates of transport, as a function of substrate concentra¬ 
tion, were not measured, I could not determine if the capacity of 
the system, or the nature of the carrier systems were altered by 
AECS (Figure 2) . 

Incubation of alveolar macrophages with- nicotine, a major 
component of cigarette smoke, and known to be present in the extract, 
produced a biphasio response in the accumulation of AIB (Figure 3) . 
Interestingly, the concentrations of nicotine, which produced 
a significant depression in AIB accumulation, have been previously 
shown to markedly inhibit cellular respiration and the activity of 
sodium, potassium, magnesium-, ATP-ase in alveolar macrophages 
prepared from' sheep (55, 56). Preliminary studies with cadmium 
also reveal a similar biphasic effect on the active accumulation 
of AIB by rabbit alveolar macrophages. 



My studies demonstrated that AECS, nicotine or cadmium can 
depress the accumulation of AIB by alveolar macrophages. The 
importance of these observations is not yet certain, but I believe 
these results clearly indicate that air contaminants, at remark¬ 
ably low concentrations, can adversely affect specific and non¬ 
specific membrane functions of alveolar macrophages, and perhaps 
other cells in the lung. There are several possible mechanisms 
by which air contaminants induce alterations in plasma membranes. 

These include impairment of membrane synthesis, accelerated degra¬ 
dation of membranes, aberrant lipid' and or protein synthesis, 
enzyme inhibition, or peroxidation of membrane lipids. With the 
exception of lipid peroxidation, there is no information available 
on the mechanisms by which air contaminants induce membrane 
alterations. Recently, Delucia et al. (60) have shown that expo¬ 
sure of rats to ozone, an oxidizing air pollutant, decreased the 
-SH content in membrane, protein, and nonprotein fractions of rat 
lungs. Although these measurement were not made with macrophages 
or other cells in the lung, oxidation of cellular reducing substances, 
such as sulfhydryl compounds, clearly does occur in lungs of . r t> 
experimental animals exposed in vivo to realistic concentrations 
of air polutants. Recent studies in this laboratory have demon¬ 
strated the formation of lipid peroxides in alveolar macrophages * 
after 60 minutes of incubation with aqueous extracts of smoke; * ’ 
addition of cysteine to the incubation media reduced the formation 
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AMINO ACID TRANSPORT BY ALVEOLAR MACROPHAGES 
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" " • Table I. -aminoisobutyrie acid transport: in alveolar macrophages 

- incubated JLn vitro with aqueous extracts of cigarette smoke. 


AECS 

w 

IC/EC 


ml 

N 

(mean _+ S.E.M.) 

% Change 

0 

12 

6.10 + 0.54 


0.01 

12 

6.32 i 0.97 

+7 

0.05 

10 

6.16 + 1.09 

+.4 

0.10 

8 

6.93 + 1.18 

+17 

0.25 

10 

4.16 + 0.65* 

-30 

0.50 

9 

2.70 + 0.53* 

-55 

0.80 

8 

1.59 + 0.38* 

-74 



Rabbit alveolar macrophages were incubated with l^-AIB and 
various concentrations of aqueous extract of cigarette smoke for 
1 hour as outlined in materials and methods. N is the number 
of experiments. * indicates significance of difference from con¬ 
trols calculated'by students’ "t" test P.001. 
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14 

Figure 1. Cells were incubated with C-AIB as outlined in 
- . Materials and Methods The percent of cells that stained 

with trypan blue was determined after one hour of incubation 
with the AECS (broken line). There was no significant 
change in the total number of cells in the incubation 
vessel after 60 minutes of contact with the extract. 

Each point is the mean and range of two experiments with 
duplicate samples at each concentration. 
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AMINO ACID TRANSPORT BY ALVEOLAR MACROPHAGES 
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Figure 2. The effect of AECS on the time course of AIB uptake. 

14 

Rabbit alveolar macrophages were incubated with C-AIB 
for 15, 30 45 and 60 minutes in the presence or absence 

of 0.5 ml of AECS. Less than 20% of the macrophages 

** k - 

. incubated with AECS took up trypan blue after 60 minutes 

of incubation. Each point is the mean an^ range of 
2 experiments with duplicate samples 
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AMINO ACID TRANSPORT BY ALVEOLAR MACROPHAGES 


Figure 3. The effect of nicotine on the transport of AIB by rabbit 

alveolar macrophages. Alveolar macrophages were incubated 

14 

with C-AIB and various concentrations of nicotine for 
1 hour. Each point is the mean and range of 2 experiments 
with duplicate samples. 
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of peroxides (61), While these data are far from conclusive, they 
support the concept that oxidizing air contaminants can reduce the 
level of reducing agents in cells. 

F. Rational For The Proposed Research 

Numerous reports in the literature have described the effects 
of air contaminants on the phagocytic and metabolic activities 
of macrophages but there are no reports on the influence of cigarette 
smoke on membrane transport of specific substrates by alveolar 
macrophages. Preliminary studies in. this laboratory have demon¬ 
strated that transport of -amino isobutyric acid ( 14 C-AIB) by 
alveolar macrophages was adversely affected by concentrations of 
smoke extract, nicotine or cadmium which had little or no effect 
on cellular viability as measured by dye exclusion techniques. 

Since active transport of AIB appears to be a more sensitive and 
a less equivocal index of plasma membrane integrity than conventional 
dye exclusion techniques this research program shall investigate 
the mechanisms by which smoke inhibits active transport in alveolar 
macrophages. 

I have chosen a non-metabolizeable amino add, o(-amino isobu¬ 
tyric acid, as a substrate because it is known to be transported 
by alveolar macrophages (59), exhibits the transport characteristics 
of natural amino acids (62), and is not metabolized by the cell (63). 
Use of such a substrate enables membrane transport to be analyzed 
in absence of concomittant metabolic changes which are not directly 
involved in the transport process (67). - 


III. Methods of Procedure 

A. Principle of the Assay System 

The theoretical basis for employing active transport as an 
index of membrane integrity rests on the concept that normal cells 
will establish and maintain a concentration gradient of the sub¬ 
strate across the membrane (64-). This concentration gradient is 
experimentally measured and' expressed as an intracellular to extra - * 
cellular distribution ratio. When the distribution ratio is greater 
than unity active transport has occurred; when the ratio is equal 
to unity no active transport has occurred and simple diffusion can 
account for the observed distribution ratio. In addition, kinetic 
analyses can identify the types of transport processes, and suggest 
whether an agent modifies the number or nature of the membrane 00 
carriers. 


B. Type of Cells and Incubation System 


Rabbit alveolar macrophages will be used because our previous 
studies (59) have used this macrophage and other investigators (24-) 
have examined the types of transport systems existing in the membrane 
of the alveolar macrophage. In addition, the large number of 
cells which can be obtained from a rabbit are more than adequate ' " 
for a single experiment. An_in vitro system for exposing the cells 
to the test substances will be used because I wish to examine the 
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direct effects of cigarette smoke on the membranes off alveolar 
macrophages without the influence of other cell types or invasion 
of other cells into the lung in response to smoke. Additional 
advantages of in vitro exposures of homogenous cell suspensions over 
the intact tissue, such as lung slices, are: 1) faster and more 
complete contact of all cells with the test agents present in the 
incubation medium (this condition allows decreased reaction times 
and tends to enlarge the response); 2) a lower complexity of the 
biological model, represented by a two compartment system (cells, 
and incubation medium) which simplifies the analysis of the experi¬ 
mental observations, and the mathematical treatment involved. 

It will be necessary to examine, in the future, the ability 
of cigarette smoke to alter amino acid transport after in viv o 
exposures. The primary purpose of these experiments is to examine 
the mechanism of action of AECS and specific components of AECS 
on amino acid transport systems in alveolar macorphages in a controlled 
manner. 

C. Metabolic Substrate 

14-C-AIB was selected as the substrate because it is known to 
be transported across the plasma membrane by an energy-dependent, 
concentrateve carrier-mediated mechanism. Following uptake this 
analogue is neither incorporated into protein nor catatolized; 
hence its transport can be studied independently of complications 
introduced by such metabolism. 

D. Selection of Test Agents 

Three agents have been selected for evaluation on membrane 
transport: aqueous extracts of cigarette smoke (AECS), nicotine 

and cadmium. These agents will be used because my previous studies 
have shown that all three depress the accumulation of l^C-AIB by 
rabbit alveolar macrophages. In addition, one might expect that 
water soluble compounds in smoke would dissolve in the aqueous 
phase covering the surface of macrophages as well as other cells 
in the lung. Nicotine and cadmium will also be used because both 
are found in smoke (27) , are soluble in aqueous media, easily 
quantitated, and can depress the activities of sodium, magnesium, 
potassium activated adenosine triphosphatase localized in the mem¬ 
brane of alveolar macrophages (55, 56). However, nicotine and 
cadmium are only too of the many agents in smoke (27) , and these 
choices whould not be taken to represent a conclusion that they 
are the causal agents in the extract. 

E. Technical Procedures 


1* Preparation of Cells 



Alveolar macrophages are obtained by the method of Myrvik 
et al. (65) as modified by Tsan and Berlin (24) to eliminate conta¬ 
mination with erythrocytes- Alveolar macrophages are sedimented 
from the lavage fluid by centrifugation at 2000 g-min at 4° . 

Cell pellets are resuspended in modified Hanks (MH) solution, 
pH 7.4, containing 5 mM glucose (24). Total number and viability * 
of the alveolar macrophages are determined by incubation of cells 
:{l-2 x IQ 6 ) in 2 ml of HH containing 0.1 ml of 0.5% trypan blue 
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for 5 minutes at 22° and then counting the total number and the 
dye containing cells (30, 43). Approximately 1 x 10 8 alveolar 
.macrophages with a viability greater than 95% are routinely obtained 
from a rabbit with this procedure. More than 90% of the cells so 
isolated are macrophages as identified by staining characteristics. 

2. Preparation of Aqueous Extracts of Cigarette Smoke 

Aqueous extracts of cigarette smoke (AECS) are prepared 
from 100 mm nonfilter, commercially available cigarettes with a 
Filtrona Smoking Machine (Cigarette Components, Ltd., Middlesex, 
England). I shall use an aqueous extract of cigarette smoke because 
previous studies (39, 49) have demonstrated that substances res¬ 
ponsible for inhibition of phagocytosis, and killing of bacteria 
are located in the aqueous phase. Standard settings of a single 
25 cc puff of two second duration once each minute are used in all 
experiments. Aqueous extracts of cigarette smoke are prepared by 
drawing the smoke from three cigarettes into 25 ml of ice chilled 
MH. All extracts are filtered through 0.45 u millipore filter and 
adjusted to pH 7.4 with 0.1 N NaOM immediately before use. 

3. Quantitation of Smoke Extracts 

A common problem in examining the influence of gas phase 
smoke, Whole smoke or aqueous extracts of smoke on cells is the 
absence of any quantitation of the smoke in the incubation media. 

In these studies the dry weight, and the concentrations of nico¬ 
tine or cadmium will be determined in each extract. Dry weights 
of the extract will be made on samples of AECS evaporated to dry¬ 
ness at 45 ° . Alkaloids will be extracted from the extract with 
chloroform' by the procedure of Welcher (66). This procedure, 
currently used in this laboratory, involves the extraction of alka¬ 
loids from pH 9 AECS and evaporation of the chloroform at 45°. 
Preliminary studies have revealed that 90% of the alkaloids are 
removed from the extract by two 10 minute extractions, with sha¬ 
king, at room temperature; 

The alkaloid residue is then dissolved in 0.5 N and 

the absorption at 259 mu measured. The concentration of nicotine 
is then calculated from standard curves relating absorbance to 
concentration of nicotine. 


Cadmium concentration in the AECS will be measured' by atomic 
absorption spectophotometry (67). Dr. Morris Spirtes, Adjunct 
Professor of Physiology, will perform these determinations. 


These data on each extract will permit us to quantitate two 
of the components present in the extract, and allow us to deter¬ 
mine if either agent is totally responsible for the observed depres¬ 
sion in accumulation of 1 4c-AIB by alveolar macrophages caused 


by AECS. 


; 4. Amino Acid Transport 

C Alveolar macrophages, suspended in modified Hanks, are 

incubated at 37° in siliconized 15 x 150 mm glass culture tubes. 
- v Each tube contains 5 x 106 macrophages, 0.2 uM 12c-AIB, 0.2 wCi 
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^C-AJB and modified Hanks in a final volume of 2 ml. All incu¬ 
bations are performed.' at 37° with' gentle shaking (10-25 cycles/ 
min) in a Dubnoff shaking incubator with air as gas phase. ABCS, 
nicotine or cadmium in modified Hanks will be added at times and 
in amounts warranted by each experiment. All tubes are preincuba¬ 
ted for 5 minutes before addition of the AIB to ensure tempera¬ 
ture equilibration. At termination of the incubation, each cell 
suspension is transferred to a previously chilled tube and centri¬ 
fuged at 2000 g- minutes. Each supernatant is transferred to a 
graduated tube, and the pellets washed twice with 2 ml of MH 
containing 0.1 uM l^C-AIB/ml. The supernatants from each wash 
are combined with the first supernatant. Each cell pellet is re¬ 
suspended in 0.5 ml distilled water (or 0.3 m ROM when protein is 
determined), transferred to a scintillation vial containing 10' ml 
Aquasol (New England Nuclear), and counted in a liquid scintilla¬ 
tion counter. An aliquot of the thoroughly mixed supernatant is 
also counted to determine the amount of radioactivity remaining 
in the media after incubation. The efficiency of counting in 
each sample is determined by internal standardization using 1^0 
toluene as standard, and the dpnv calculated. 

5. Estimation Of Intracellular and Extracellular Water Content 

Replicate treated and control cell suspensions are 
incubated' with l^C-inulin in place of 14C-AIB in exactly the same 
manner as that described; for amino acid transport- The wet 
weight of the pellet is determined and the cell pellet dried at 
80® for 18 hours. Total pellet water is calculated by subtracting 
the dry pellet weight from its wet weight. The dry pellet is 
then digested in 0.5 ml 0.3 m K0H and the radioactivity of the 
digested pellet determined. Extracellular water (ECW) is calcu¬ 
lated by dividing the total pellet radioactivity by the radio¬ 
activity in the incubation medium. Intracellular water (ICW) 
is then calculated as the difference between total pellet water 
and extracellular trapped.water. Our preliminary studies indi¬ 
cate that intracellular water represents about 70-80% of the 
total cellular weight. In these experiments we shall always 
determine if the test agents alter the ICW or ECW during the 
incubation period. 

6. Calculation of Intracellular Amino Acid Content and 

Expression of Transport Data 

The intracellular accumulation of ^C-AIB per ml of 
intracellular water is calculated from a formula derived by 
Rosenberg et al.(68): 


Rt - Ao - Ve 
Vt - Ve 


C 


where Rt is the net dpm of cell pellet, Ao is the dpm/ml of 
incubation medium, Ve is volume of extracellular water in ml, 

Vt is total pellet water in ml. ' 

Results are expressed as either the distribution ratio (Ai/Ao) 
where Ai is the dpm/ml cell water and Ao radioactivity/ml incuba¬ 
tion medium or as umoles AIB per ml of cell water. 




' * * > \ ^ 4 ‘ ''* * *. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 


1003540107 



7. Measurement of Passive Diffusion, Kinetic Parameters of 
Transport and Efflux of AIB 




( 


The steady state distribution of AIB is determined by the 
rate of influx and efflux. As previously discussed net influx and 
net efflux are determined by two factors: passive diffusion and 
carrier mediated transport. The contribution of non-active trans¬ 
port (diffusion) to the accumulation of AIB is estimated by the 
method of Akedo and Christensen (62) which involves incubation of 
macrophages with high concentrations of substrate (40mM), at 
which the saturable component of AIB transport is presumably satura¬ 
ted. Correction for the diffusion component will be made in all 
situations in which the distribution ratio approaches 1. 

The kinetic parameters of AIB transport are determined by 
measurement of initial velocity of uptake at different substrate 
concentrations. Suspensions of cells are incubated for 20 minutes 
with 0.1 uCi I^-AIB per ml and unlabelled AIB to give the follow¬ 
ing final concentrations: 0.1, 0.5, 1.0, 2.5, 5.0, 10, 25, 40 mM. 
Duplicate samples will be analyzed to obtain distributions ratios. 
The initial velocity (Vo) is given by the distribution ratio 
multiplied by the extracellular AIB concentration divided by the 
incubation time in minutes. The data are plotted as reciprocals 
of Vo on the y axis, and reciprocals of substrate concentration - 
on the y axis. In this presentation 1 is given by the 

Vmax 

intercept on the ordinate, and' -1/I<m by the intercept on the ab¬ 
scissa. Graphic presentation of initial velocity according to the 
method of Lineweaver and Burk, at AIB concentrations ranging 
from 0.1 to 40 mM will allow us to estimate the apparent affinity 
constant. Km, and maximal velocity. Examination of these plots 
for linearity, will reveal if the transport of AIB is mediated 
by a single or multiple system. To confirm the kinetic constants 
obtained with the Lineweaver and Burk representation, these re¬ 
sults will also be plotted as Vo vs. Vo/S because tnis method nas 
been found to give more reliable estimates of apparent Km and Vmax 
(69). 


The rate of efflux off l^OAIB f rora alveolar macrophages which 
have been preloaded with l^C-AIB is measured by determining the 
rate of loss of tracer from the cells into tracer-free external 
medium. The volume of the medium is relatively large so that the 
concentration of -^^-AIB in the medium will be low throughout 
the experiment. Because of this recycling of the tracer into the 
cells should be negligible, and the rate of loss of tracer from 
the cells will be nearly equivalent to the rate of efflux. 


Cell suspensions are preloaded with l^-AIB by incubation at 
37° with 0.2 uCi ll+ C-AIB and 0.2 uM -*-^C-AlB. After 1 hour incu¬ 
bation the cell suspensions are washed three times with fresh medium 
and resuspended in 2 ml of AIB-free medium. After 5, 10, 15, 20 
and 30 minutes of incubation at 37° duplicate samples are removed, 
centrifuged immediately to sediment the cells, and the supernatants 
assayed for radioactivity. The percent of radioactivity appearing 
in the medium is plotted against time of incubation to obtain . . 

an estimate of the amount of radioactivity which leaves the cell. * " 
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8. Estimation of ATP Levels in Alveolar Macrophages (19) 

A 0.5-ml aliquot of each macrophage suspension is added 
to 4-.5 ml of distilled water and placed in boiling water for 90 s, 
immediately chilled on melting ice and frozen in plastic tubes 
at -20 °C for up to one week before assay. Macrophage ATP is 
measured by a modification of the firefly bioluminescence method. 
Disodiu-n ATP (Sigma Chemical Co.) over a concentration range of 
0.1 to 1 uM is used as standard. 0.1 ml of each thawed macro¬ 
phage lysate, 0.85 ml of Tris-histidine buffer, pH 7.3, containing 
80 mM NaCl, 15 mM KC1, 5 mM MgCl 2 , and 0.05 ml of luciferase 
previously prepared in distilled water are combined in scintilla¬ 
tion counting vials and light emission measured' exactly 30 s 
later in a Nuclear Chicago scintillation spectrometer. All 
measurements are made in triplicate or quadruplicate. 

f 

9. Determination of Sulfhydryl Levels (-SH) 

SH levels in alveolar macrophages will be determined 
by the method developed by Sedlak and Lindsay (70), which 
determines the total -SH (TSH) in protein and non-protein 
compounds. The level of protein sulfhydryls is calculated' as 
the difference between total -SH and non-protein sulfhydryls. 


IV* Experimental Design 

A. Time Course of Accumulation: Effects of AECS, Nicotine 
or Cadmium 


These initial studies are designed to characterize the trans¬ 
port system by which alveolar macrophages accumulate AIB. In 
all experiments the viability of the macrophage suspensions 
(estimated' by dye exclusion) and stability of cells (estimated 
by total cell number) will be measured to exclude an excessive num^ 
ber of dead cells or lysis as an explanation for the data. 


The time course of AIB accumulation by alveolar macrophages 
in vitro will be determined by incubation of cell suspensions with 
0.2 uM AIB including 0.2 uCi (14c) AIB. Duplicate samples will 
be analyzed as described previously to obtain distribution ratios 
after 5, 10, 20, 30, 4-5, 60, 120, 180, and 240 minutes of incu¬ 
bation. Analysis of data, plotted as distribution ratio vs. time 
will identify the linear portion of uptake and the apparent 
steady state distribution ratio. Since alveolar macrophages also 
have systems which are neither concentrative nor energy requiring, 
I shall examine the non-active accumulation of 1^0AIB. This 
passive diffusion component will be determined as described 
previously. 

In order to determine if alveolar macrophages metabolize 
14C-AIB under the conditions of incubation used here, cell , _ 

suspensions’will be incubated with 0.2 uM AIB including 0.2 
uCi 14c-AIB for 60 minutes and the amount of 14(102 produced or 
the amount of 14c amino acid recovered in acid precipitable 
protein determined. Additional studies will employ silica gel 
thin layer chromatography to determine if label is recoverable - 
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in species other than i^C-AIB, and to rule out the presense of 
in acid soluble proteins. 




Since sodium ion is known to markedly influence AIB accumu¬ 
lation in a variety of cells, I shall determine the influence of 
extracellular sodium ion on the uptake of AIB. For these studies, 
cell suspensions will be incubated with J-^-AIB for 1 hour in 
modified Hanks solution containing 36, 72, 144 mM NaCl. Choline 
chloride will replace NaCl in those solutions which contain less 
than normal Na+ ions. 

Next, the effect of extracellular pH on AIB accumulation will 
be measured'. Cell suspensions will be incubated in modified Hanks 
solution, pH 6, 6.5, 7.0, 7.4, 8, for 1 hour and the distribution 
ratios determined. 

The energy dependency of AIB accumulation will be demonstrated 
by addition of sodium cyanide (1 x 10“ ^M) , an inhibitor of oxida¬ 
tive phosphorylation, to the incubation media. This inhibitor 
should reduce but not completely abolish the accumulation of AIB 
by alveolar macrophages. 

The kinetic constants of AIB transport by alveolar macro¬ 
phages will be determined from measurements of initial velocity 
of uptake at different substrate concentrations as described in 
Section III E-7. 


These control experiments will characterize the AIB trans¬ 
port system in alveolar macrophages and provide the baseline values 
for examining the effects of the test agents on membrane trans¬ 
port* 


Our initial studies are designed to determine the dose 
response relationship of test agents on accumulation of ^-^t-AIB 
by alveolar macropftages. -The following parameters of transport: 
distribution ratio, apparent diffusion constant, Kp, and efflux 
of AIB, will be determined as a function of incubation time. The 
concentrations of test agents to be evaluated are: 

AEGS: 0, 0.01, 0.05, 0.10, 0.25, 0.5, and 0.8 ml/2ml 

Nicotine: 0, 0.1, 1, 5, 10, 12.5, 25, 50 mM 

CdCl 2 : 0.05, 0.1, 0.15, 0.2, 0.25, and 0.5 n*l 

Our preliminary studies have already demonstrated' that .25 ml 
AECS, 25 mM nicotine and 0.15 mM CdCl2 significantly interfere with 
AIB accumulation. However, these studies did not measure the 
influence of these agents on efflux of AIB or and these alter¬ 
nate interpretations need to be examined. 



From these data it will be possible to construct dose response 
curves, and these data will identify the concentrations of test 
agents which interfere with the accumulation of AIB or accelerate 
the exodus of AIB from the cells. It should also be possible to . , ^ 
establish an effective dose (ED 50/60 concentration) for each 
agent. Dose response data will be analyzed (75) using a logarithmic 
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transformation for concentration of test agents and a probit 
transformation for distribution ratios obtained after 1 hour of 
incubation. A straight line fitted to the resultant points will 
permit estimation of the concentrations of test agents which reduce 
the accumulation of AIB by 50% in 60 minutes of incubation (ED 
50/60). These data will facilitate comparison of the effective 
concentrations of each agent required for depression of AIB trans¬ 
port. 


Next the influence of test agents on the time course of 
AIB accumulation will be determined. For these studies cell 
suspensions are incubated with the ED 50/60 concentrations of 
AECS, nicotine and cadmium for 5 to 240 minutes. Duplicate 
samples are removed after various periods of incubation and the 
distribution ratios determined. From the graphic representation 
of these data the, apparent steady and the linear portion of AIB 
uptake can be estimated. 

B. Effects of AECS, Nicotine, and Cadmium on Kinetic Parameters 
of AIB Transport 


It is generally held that free amino acids are actively 
transported from the outer to the inner surface of the plasma 
membrane by a carrier-mediated process which derives energy 
from ATP. Our previous studies have shown that AECS, nicotine 
and cadmium impair active accumulation of AIB and these agents 
could, therefore, inhibit active AIB uptake by limiting the amount 
of ATF available to support transport or by modifying the nature 
of the carrier system. Accordingly, these agents might be 
expected to decrease the total capacity of the system, as 
estimated by maximal velocity measurements, or by decreasing the 
apparent affinity of the car r ier for the substrate, as estimated 
by the calculation of I<m. Therefore, we shall examine the effects 
of the test agents on the following kinetic parameters of active 
transport: Initial velocity, maximal velocity, and' apparent affi¬ 

nity constant. 


For these experiments cell suspensions are incubated with 
and without ED 50/60 concentrations of AECS, nicotine or eadmium 
for 15, 30, 60, or 120 minutes before measurement of initial 
velocities. After each interval of preincubation, cell suspen¬ 
sions are transferred to tubes containing 0.1 uCi -^-^-AIB/ml and 
unlabeled AIB to give a final concentrations of 0.1, 1.0, 5, and 10 
mM*. After 20 minutes of incubation, duplicate samples are analyzed, 
as described previously, to determine the distribution ratios. 
Graphic representation of initial velocity versus substrate concen¬ 
tration according to the method of Line we aver and Burk will allow 
us to estimate the apparent affinity constant. Km, and the maximal 
velocity, Vmax. Examination of the plots for linearity will reveal 
if the transport of AIB is mediated by a single or multiple system 
and the type of inhibition observed. If treatment with the test 
agents depresses Vmax, but fails to change the apparent affinity 
constant. Km, these data will suggest a decrease in the total 
capacity of the system. 
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C. Relationship Between the Effect of AECS, Nicotine or 
Cadmium on AIB Transport and ATP Content of Alveolar Macro¬ 
phages 

If the experiments described in section 2 indicate that total 
capacity of the transport system is decide ased by incubation of 
alveolar macrophages with ED 50/60 concentrations of test agents, 

I shall then examine the following hypotheses: 

1* the test agents depress the active accumulation of AIB 
by reducing the supply of ATP for transport 

2. a depression in ATP production will occur simultaneously 
with or before the depression in AIB accumulation 

Cell suspensions ,are incubated with and without ED 50/60 concen¬ 
trations of test agents for 5, 15, 30, 60, and 120 minutes before 
measurement of distribution ratios and cellular ATP levels. 

Duplicate control and exposed cell flasks are required at each 
time interval. These studies will indicate the temporal relation¬ 
ship between the level of cellular ATP and AIB accumulation; in 
addition, these studies will indicate if alterations in AIB trans¬ 
port precede or occur simultaneously with the reduction in ATP 
concentration. 

ATP is required also for continual protein synthesis and 
these test agents may depress active amino acid accumulation 
indirectly by blocking synthesis of carrier proteins. Accordingly, 
we shall examine AIB transport and ATP levels in macrophage suspen¬ 
sions treated with test agents and cycloneximide alone and with 
both agents simultaneously. Previous studies of Baran (19) have 
shown that blockage of protein synthesis in thymic lymphocytes with 
eycloheximide inhibits amino acid transport, a finding which sug¬ 
gests that inhibitors of protein synthesis prevent replacement 
of labile proteins required for transport. If inhibitors of 
protein synthesis do not similarly decrease cellular ATP, these 
data will indicate that this protein is not required for ATP genera- •- 
tion. In addition, this observation, which indicates that the 
effects of the test agents require continuing protein synthesis 
will be consistent with two possible modes of action: 1) the test 
agents selectively inhibit the formation of a labile protein* 
involved* in transport, or 2) the test agents promote de novo 
synthesis of inhibitors of transport or a fraudulent protein. 

D. Relationship Between the Effect of AECS, Nicotine or 
Cadmium on AIB Transport and* Modification of the Carrier 

If the kinetic studies carried out in B suggest that the 
apparent affinity constant, Km, of the transport system is 
altered by incubation of alveolar macrophages with the test 
agents, we shall examine the effects of these agents on the total 
sulfhydryl levels in alveolar macrophages and attempt to correlate 
this factor with alterations in AIB transport. 

Since Tsan and Berlin (17) have demonstrated that the carrier 
system for lysine is especially sensitive to a sulfhydryl inhibitor 
which binds exclusively to membrane -SH groups, we shall attempt 
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to demonstrate inhibition of AIB transport by PCMBSA. Cell 
suspensions are incubated with various concentrations of inhibitor 
(0.001 to 1 mM) for 20 min, rinsed twice, and then the rate of 
AIB transport determined. If these experiments reveal PCMBSA 
inhibition of AIB transport, it is probable that SR are required 
in the active site of the AIB carrier. 

Since -SH may be an integral part of the carrier system, we 
shall determine the levels of nonprotein and protein sulfhydryls 
in alveolar macrophages incubated with and without ED 50/60 
concentrations of the test agents. Cell suspensions will be 
incubated with test agents for 15, 30, 60 or 120 minutes before 
determination of distribution ratios and SH contents. 

These studies should indicate if there is a temporal rela¬ 
tionship between levels of sulfhydryls and AIB transport. 

If such a relationship is suggested, an important mechanism of 
action of these three test agents will be apparent. 

E. Reversibility of the Effect of AECS, Nicotine or Cadmium 
on Membrane Transport of AIB 

These studies will examine the persistence of the depression 
in AIB transport induced by the test agents. Macrophages will 
be incubated with and without ED 50/60 concentrations of test 
agents for a period of time known to reduce AIB transport. Then 
the cells will be washed and re-incubated in the absence of the 
test agent for various intervals of time (15-24-0 minutes) before 
measurement of AIB transport, cellular levels of ATP and total 
sulfbydryl content. These studies will indicate whether the 
macrophages can recover their ability to transport AIB and the time 
required for repair. 







Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 


1003540113 














Thk Corxrn. For Tmucco 


I?r.si:.vKCii-U.8.A., 


Inc. 



February 7, 1974 


Grant application No. S6l 
CHRONIC PULMONARY DISEASE' 


To: The committee comprising Drs. Liebow, Meier and Wyatt 

Subject: Dov Michaeli, Ph.D., Univ. of California School of Medicine, San Francisco 
New application No. 961 

"Effects of Cigarette Smoke on Pulmonary Fibroblasts and Collagen 
and its Relation to Emphysema" 

History 

This proposal is a successor to CTR grant No. 786 "Collagen Antibodies 
in Relation to the Etiology of Emphysema", under the direction of Drs. Fudenberg 
and Michael!, funded for three years ending March 31, 1974. - 


Request 

Application No. 9^1 requests $9°,603 plus two additional years. 


Document Submitted 

Attached is application dated l/lo/74 (35 pages). The last two pages 
are a progress report on the predecessor grant. 


Comment 

Enclosed is a memo from Dr. Gardner on his visit to this laboratory, 
July 10, 1974. 


FWN:gh 
Ends. 


c 






"Source: https7/www.industrydocuments.ucsf.edu/docs/hnll0000 




Tiie Council Ton Tobacco Rhseahcii-U.S.A., XNC- 


ce: RCH 
JHK 
FWN 


July 24, 1973 


MEMORANDUM FOR FILE 


SUBJECT: Grant 786R2. 

H. Hugh Fudenberg, M. D. 

"Collagen Antibodies in Relation to the Etiology of Emphysema." 
Site Visit July 10, 1973. 


Dr. Fudenberg had a pile of manuscripts, reports and reprints 
assembled and we went too rapidly down the stack. 

First, he made it clear that he wanted a smoke delivery machine. 
They could use it for in_ vitro and iii vivo experiments. They had some in 
vivo studies -completed. Smoke was bubbled through media and added to 
fibroblast cultures. It caused the cells to round up but not necessarily 
die. They, I believe, lost their collagen synthetic capacity. Collagen 
synthesis in vitro was followed by H 3 or C 1 ^ proline incorporation. S 35 was 
used for hyaluronic acid. Acetaldehyde in amounts possibly comparable to 
smoke delivery amounts produced the same effects on fibroblasts. He was 
vague about quantitation or I was vague on uptake but 1/8 cig. per 1 ml media 
or equivalent to 1/8 was the figure I recall. 


Chemically he has overcome the lack of solubility difficulty by 
different digests, pepsin digests, cyanogen bromide disassociation, SS 
fractures and obtained a 1 , a2 and b chains. Some amino acid sequencing has 
been done. He is comparing collagen' from emphysematous lungs with that of 
normal lungs and fetal lungs and dermal collagen, fetal and adult. Collagen'" 
in different tissues differs, probably a greater organ specificity than species 
specificity. Seems to be different collagenasis in different tissues. 

Fudenberg is keeping away from mice because of the histo-comparability 
antigens which complicate the immunology probably more than HLA antigens. 

Fine structure. He showed me many fine scan, freeze, et al., and 
freeze fracture ems. of the collagen of lung and tail. A manuscript has been 
submitted to J. Ultrastructure giving, a somewhat new idea of collagen structure. 
Photographs of composite chains, fractures, cross-linkages ( y propyl nitrile) 
treated. Em. photo of emphysematous lungs seems to show consistent changes. 

Phagocytic activity. Type 1 cells were shown in em. with large 
vacuoles containing one or more rbc, sometimes also in vacuoles and; partially 
resolved. Mitochondria of these cells showed mitochondrial increase in number 
and size. Some studies were being done using cortisol and insulin. ^ 




v ji'-: ^ 




Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 


1003540116 



- 2 - 


The studies on patients have now reached 150, about half of the 
proposed number. This will be completed during the year* Fudenberg aware 
of the limitations of genetic analyses by ^IA^and developing a method of computer 
analyses of enzymatic inhibitions. 

’' A Dr. Warner from Australia who has done much work on mouse antigens 
is going to be in the laboratory until January. Dr. Wells would like to stay one 
more year. Wells is working on the CEA specificity and has apparently found a 
specific antigen for lung canger. 

Fudenberg is planning to do more on cell immunity and is preparing 
fluorescence and rhubidium label materials - antigens - for such studies. 

Fudenberg gave me two manuscripts and; will shortly send more 
preprints. He may contact us about Wells. I'll be interested in seeing the work • 
on tumor specific lung cancer antigens. 


W.U.G. 


c 


WUG:ek 
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The Council For Tobacco Research-U.S.A., Inc. 


110 EAST 59th STREET 
NEW YORK, X. Y. 10022 ' 
(212) 4 21-8385 

Application for Research Grant 
(Use extra pages as needed) } • 

a L 


1, Principar Investigator (give title and degrees) 4 . 


JAN' c f> 197; 


'n 


Date: 1/10/74 


Dov Michaeli, Ph.D. Assistant Professor of Biochemistry & Surgery 
Co-investigator: H. Hugh Fudenberg , m.D., Professor of Medicine, 
Professor of Bacteriology and Immunology 

2. Institution & address: 

University of California San Francisco 
School of Medicine, Room 839 HSE 
San Francisco, California 94143 


3. Department(s) where research wilt be done or collaboration provided: 

Departments of Biochemistry and Surgery and the Department of 
Medicine 

4 . Short title of study: 

Effects of Cigarette Smoke on Pulmonary Fibroblasts and Collagen 
and its Relation to Emphysema 


5. Proposed starting date: 3/1/74 * 

6 . Estimated time to complete: 3 years 

7. Brief description of specific research aims: 

1. Study the immunogenicity of cigarette smoke components complexed 
with lung collagen by the radioimmunoassay {RIA) technique. 

2. To study the effects of components of the gaseous phase of cigarette 
smoke on the division rate of lung fibroblasts, and ; on the synthesis 
and secretion off collagen and mucopolysaccharides. 

3. Identify the cellular siite(s) of action of cigarette smoke components 


4. 


5. 


Study the chemical interactions between cigarette smoke components 
and 1 matrix macromolecules, and the possible effect of such interac¬ 
tions on the biosynthetic activity of lung fibroblasts. 


Study the immunopathology of emphysematous lungs 
electronmicroscopic techniques. 


using immuno- 


§ 
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8 . Brief statement of working hypothesis: 

We have found (1) that approximately 70% of emphysema patients had 
antibody titers to denatured human collagen, in our search for a possible 
mechanism for the induction of such antibodies it became necessary to 

C examine the effects of cigarette smoke under controlled conditions. We 

'therefore developed a tissue culture system of human lung fibroblasts (WI-38) 

- exposed to various concentrations of smoke components. We observed that at 
low concentrations (0.108 ^ug/ml) formaldehyde stimulated the synthesis and 
secretion of collagen and hyaluronic acid. At higher concentrations, formal¬ 
dehyde caused a marked decrease in synthesis of connective tissue macromole¬ 
cules. The mechanism for these effects may be due to a direct effect on the 
fibroblast and/or on the matrix macromolecules, which in turn causes an aberra¬ 
tion of the signals received by the cells from the extracellular environment. 

A major hurdle in studying the effects of cigarette smoke on fibroblast in 
culture under controlled environmental conditions was the inadequacy of current 
ly available assays for measuring the low concentrations of newly synthesized 
collagen. We have recently solved this problem by developing an extremely 

sensitive radioimmunoassay assay technique . This makes the statedaims 

of this proposal extremely feasible and realistic. 

9. Details of experimental design and procedures (append extra pages as necessary) 


rtajls or experimental des 

Immunogenicit 


of collagen following its interaction with smoke components 


The breakdown of tolerance to self-proteins through their chemical j 

modification is a well-established phenomenon. Weigle (6,7) injected modified ' 
rabbit thyroglobulih into rabbits and created an autoimmune thyroiditis re¬ 
sembling Hashimoto's disease in humans. The possibility that interaction 
of cigarette smoke components with' lung collagen may induce an immunologic 
f reaction against this organ is very attractive. We have described the pre¬ 
sence of antibodies to denatured collagen in 70% of emphysema patients, by 
the hemagglutination technique (1). However, these antibody titers may 
actually reflect a cross reaction' of antibodies whose homologous antigen is 
lung collagen modified by smoke components. In order to evaluate this 
possibility, a much more sensitive and quantitative assay was required. 

Hence, a major research effort was invested in developing a RIA for collagen'. 

• We recently succeeded in perfecting such an assay and are capable of measuring 
10~9g (nanogram) quantities of collagen. This gives us the capability to 
measure: 

1. the amount of circulating collagen in sera of emphysema patients, 
compared to normal sera and: sera of other lung diseases, and 

2. measure the amount of antibodies in sera of emphysema patients direc¬ 
ted against lung collagen and against lung collagen modified by 
cigarette smoke components. 

If indeed such a reaction can be demonstrated, isolation and identifica¬ 
tion of the newly created antigenic determinants will be of prime interest. 

The best approach would be to cleave the collagen with CNBr (8) and test the 
peptides for RIA. The significance of the immunological studies in general 
and the identification of the antigenic determinants in particular, will be 
^ discussed below. 

2 - Effects of cigarette smoke on lung fibroblasts 

This study is already well underway. The following! is a representative 
example of results obtained thus far. 
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9, Experimental design and procedures (continued) 


, .: r-'j. 

•••»•■ Sir 


Cigarette smoke from one non-filter cigarette was passed through 50 ml. 
of Dulbecco media. The media was then diluted to dilutions ranging from 
^ 1:5 to 1:10,000. Assuming 15 puffs/cigarette, then 5 ml (the volume used in 
tissue culture dishes) of undiluted medium represents 1.5 puffs ( 15 x 5) , 


• >, ’ 

/• . f ■ V* 


and diluted media represents a proportionate fraction thereof. 

When lung fibroblasts (WI-38)i were added to smoke-treated media many 
of the cells failed to attach to the dish. After a 2 day growth period the 
cells were pulse labeled with H 3 -thymidine and the amount of radioactivity 
uptake was determined^. The results (Table I) indicate that extremely minute 
quantities of cigarette smoke can inhibit completely the mitotic activity of 
lung fibroblasts. 


When treated media was. added to established cultures, the cells were 
more resistant to cigarette smoke but were still substantially affected 
by the media. 

Table I 

Effect of media treated with cigarette smoke on division activity of 
human lung fibroblasts (WI-38) 


Treatment 


Dilution of H -thymidine 

treated media uptake (cpm) 


% inhibition: 


I Control (un¬ 
treated media 

II Fibroblasts 



added to smoke 
treated media 

1 (undiluted)' 

72 

98.8 


- 

1:5 

331 

94.3 



1:10 

1666 

71.3 


_ 

1:50 

3335 

42.6 



1:100 

5738 

1.0 


Our next step was to incorporate components of the gaseous phase of 
cigarette smoke in tissue culture media and add it to established fibroblast 
culture. The parameters measured were multiplication rate (measured 1 by incor¬ 
poration of H3-* thymid ine) , synthesis, and secretion of collagen (measured by 
RIA) , and synthesis and secretion of mucopolysaccharides (measured by incorpo¬ 
ration of or sodium acetate). In general, formaldehyde exhibited 

the most profound effects with: acetaldehyde next and propionaldehyde exhibi¬ 
ting; only slight effects. No effect was exhibited by acetone, butanone and 
nicotine, at the concentrations tested. The concentrations added to the 
tissue culture medium were based on Kensler and Battista's analysis (2) of . 


>• v 
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the composition of the gaseous phase of cigarette smoke. 
(Table 2) indicate several facts. 


The results 


. •«, ■ ■ v 






V First, the injurious effects of aldehydes are in inverse relationship 
to the length of the alkyl group. Thus, although formaldehyde occurs in 
cigarette smoke in much lower concentrations than acetaldehyde, the former 
is by far the most injurious both relatively (per mole or yag) and absolutely 

y ; ,, (per cigarette) . Secondly, close examination of the data reveals an inter- 

esting relationship between dose of aldehyde and its effect of fibroblasts. 

;’> • When fibroblasts vjere added to formaldehyde-or acetaldehyde-treated media, many 

cells either failed to attach or were more sensitive to the toxic effects 
of aldehydes after their attachment; this is reflected in a progressive 
decrease in the protein content/culture dish. The surviving cells in the 
formaldehyde-treated media also synthesized less collagen. A situation that 
much more closely resembles conditions prevailing _in vivo occurs in treatment 
IX, where aldehyde-treated media is added to established and confluent 
fibroblast cultures. At low levels of formaldehyde (0.108 /ig/ml, equivalent • 

‘ > > to a concentration present in 0.03 puffs of cigarette smoke) there was an 

increase in total protein (122% of control) and a marked increase in 
collagen synthesis (255% of control), while no change occurred in the 
synthesis of mucopolysaccharides. At a higher concentration (1.08 /ig/ml) 
the toxic effects of formaldehyde supervene and there is a general decrease 
not only in total protein (reflecting the number of surviving cells) but 
also in the synthetic rate of the surviving cells. These results provide 
f only a glimpse of the potential that our tissue culture system provides for 

V elucidation of biochemical mechanisms involved in the formaldehyde effects 
on cells, and for quantifying the dose-response relationship^ 

A third point of interest in our data is the effect of acetaldehyde. 

■Although it is present at much higher concentrations in cigarette smoke, 
its effects on lung fibroblasts are much milder. Because of that, higher 
v concentrations of acetaldehyde (43 /ig/ml) , added to confluent cultures, 

. activate whatever mechanisms are responsible for the shift toward increased 

- synthesis of collagen (>-1000 ng)' to an even higher degree than formaldehyde 

v ' did. The significance of this observation in understanding the pathophysiology] 

of certain fibrotic reactions in the lung are discussed below. 

An interesting observation which' is outside the realm of this application, 
is the progressive increase in thymidine uptake (i.e. proliferation rate) of 
fibroblasts when added to media containing acetaldehyde (Table I, treatment I).| 
Is there a possibility that continuous maintenance of cells in contact with 
acetaldehyde would result in the eventual "escape" of some cells from the 
internal controls on proliferation rate, leading to an uncontrolled, neoplastic^ 
growth? Such a study would require long term experiments which are not 
contemplated^ in this proposal. 

, These results are probably merely two of the multitude of parameters 

that distinguish between the effects of moderate and high concentrations of 
formaldehyde and other aldehydes in cigarette smoke. Two of the most impor¬ 
tant parameters that we plan to measure are: 1) Effect of aldehydes on cell . 
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Cone, Puff* ‘ Pr o te 1 n _ 

equtv. 1 Total %of Control 


Thymidine Uptoko (cpm) 

Totol pg Protein % of Control 


Collogcn Synfheili (ng) 


MPS Synrheil* (cpm) 


*• 

1. Control (fibroblast* 
odded to normal media) 



612 


3250 

5310 


258 

421 


J. 

Fibroblast* added to Formaldehyde 

treated media 

0.011 

0.003 

504 

82.3 

3149 

6248 

117.6 

197 

390 

. 92.6 

V: Sr 


0.108 

0.03 

568 

92.8 

3212 

5654 

106.4 

110 

193 

45.8 

' / . 


1.08 

0.3 , 

60 

9.8 

181 

3023 

56.9 

N.a* 




Acetaldehyde 

0.432 

0.003 

588 

96.0 

3565 

6062 

114.1 

147 

250 

59.3 



4.32 

0.03 

584 

95.4 

4012 

6C69 

129.3 

, 148 

253 ’ 

60.0 

■: 


43.2 

0.3 

340 

55.5 

3017 

8873 

167.0 

127 

373 

88.5 




II. Control (normol medio - 752 990 1316 320 *425 8177 10 873 

odded to Confluent ; 9 

fibroblast Culture) 


Treated media odded to 
confluent fibroblost 

Formaldehyde 

0.108 

0.03 

920 

1223 

1120 

1217 

92.4 

1000 

1087 

255 

10,062 

10,966 

101 

culture) 


1.08 

0.3 

444 

59.0 

623 

1414 

107,4 

138 

310 

* 73 

3,773 

8,497 

78 


Acetaldehyde 

4.32 

0.03 

944 

125.5 

952 

1008 

. 76.5 

250 

264 


9,993 

10,5C5 

197 



43.2 

0.3 

N.D.* 


735 



? .1000 



‘ 7,624 





Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 








6 


• ^ '.r. 4 S:f^ :.^v 


survival; (we already have qualitative observations that increasing concen¬ 
trations of aldehydes cause increased cell death). 2) Effect of aldehydes 

^ pn the length of fibroblast cell cycle. For this purpose it is imperative 
to work with synchronized cultures, and recently we have started such a 
culture using methods we used previously for synchronizing lymphocytes in 
in vitro culture (21). 

3. Cellular sites of action of smoke components 

These studies are designed to identify the mode(s) of action of 
aldehydes and other smoke components on the cellular level. 

Labelled aldehydes will be added to the culture media and incubated 
with the cells for various time intervals. The labelled: media will then 
be removed and the cells incubated with the corresponding unlabelled alde¬ 
hyde to chase the unbound labelled agent. Cells will then be fractionated 
(22) and the various fractions counted. 

We have already begun these experiments and preliminary results indicate 
that the cell membrane is the primary site of accumulation of formaldehyde? 
after 30 minutes of incubation 14% of the incorporated radioactive material 
was found in the membrane fraction, and after 24 hours incubation-40% was 
found in that fraction. These results are preliminary and a thorough 
study of all cell organelles and fractions, obtained' by differential 
^ centrifugation in a sucrose gradient, is planned. 

4. Interaction between cigarette smoke components and extracellular matrix 

It is well known that the biosynthetic activity of mesenchymal cells 
is controlled to a large extent by signals from the extracellular environ¬ 
ment (for review see 3). One of us (Z.N.) has demonstrated (4) that the 
concentration of chondromucoprotein in the matrix controls the rate of 
further synthesis by chondrocytes. We have recently been engaged in investi¬ 
gating the extracellular signals controlling the rate of synthesis of collagen 
and: hyaluronic acid. it is quite likely the chemical interaction between 
the various aldehydes in cigarette smoke and collagen might cause a distor¬ 
tion in the signals received by the cells. For instance, we have found' that 
the rate of collagen synthesis is inversely related to the extent of collagen 
cross-linking in the immediate environment of the fibroblast. Since formal¬ 
dehyde and acetaldehyde are known cross-linking agents, it is conceivable 
that their effect would be to reduce collagen synthesis by lung fibroblasts. 

We are proposing to react collagen with labelled formaldehyde, so that 
the extent of interaction could be quantitated. Also, the degree of cross- 
linking will be measured directly. This will be done by denaturation of the 
treated collagen' at 50°C for 10 minutes and chromatography on a CM-cellulose 
f column, according to the method of Piez et al (5). The ratio of J3 components 
to monomer chains will serve as an accurate index for the degree of cross- 
linking. 

Lung fibroblasts will be incubated in media containing either H^-proline, 
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C^ 4 glucosamine, or S^O^, and in the presence of collagen cross-linked to 
various degrees. The rate of collagen synthesis will then be measured by 
the rate of H 3 HyPro secretion into the media and/or by a RIA of collagen 
developed in our laboratory; the rate of sulfated mucopolysaccharide synthe¬ 
sis will be measured by the rate of C^ 4 or S^5 Hyaluronic acid secretion. 
Thus, this experiment, for the first time, will enable us to correlate the 
extent of collagen cross-linking with the rate of fibroblast synthetic 
activity, and more important for this proposal—will provide a basis for 
quantitation of the exposure to cigarette smoke and the effects of such 
exposures on the synthesis of new lung tissue. 


5. Immunoelectronmicroscopy 

Electron microscopic studies during the past three years (summarized 
in the Progress Report) indicate that profound ultrastructural changes occur 
in lungs of patients with emphysema (12) and in rodents with experimental 
emphysema (13) induced by antigens which inhibit collagen cross-linking. 
Common to and prominent among these changes in both man and rodent is 
loss of organization off collagen fibrils as shown by freeze-etch and freeze 
fracture electron microscopy. 

To ascertain whether these changes are accompanied by and presumably 
due in part to immunologic events, antibody localization studies at the 
ultrastructural level are necessary to show that antibody to antigen are 
^ present at the site of the lesion. Such studies will also prove helpful 
in confirming any differences in antigen density found by the immunofluo- 
rescent technique ( vide infra ). 

Lung tissues from smokers and non-smokers, emphysematous and "control" 
subjects will be obtained from pulmonary resection for other causes, and 
from autopsy. Tissue from animals with emphysema induced by J3 aminopropio- 
nitrile (13) will be obtained. With anti-collagen-anti-ferritin hybrid 
antibodies the relative numbers of native collagen/altered collagen sites 
per cell can be obtained, and correlation attempted with severity off disease 
(as measured by various pulmonary function tests), age, smoking history, and 
other parameters. 

Comparable studies in p aminopropionitrile-induced emphysema in rodents, 
if producing identical results, will almost unequivocally demonstrate this 
to be a valid animal model for pulmonary emphysema. 


Antibodies to human IgG, to collagen and to ferritin have already been 
prepared. Antibody to aldehyde-collagen complex is in the process of being 
prepared. 


Hybrid antibody (one end directed to ferritin,, the other end to IgG or 
f to collagen) will be prepared by the method of Fudenberg, Drews, and V 

Nisonoff (14) . . 

1003540124 
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Addition of ferritin-collagen hybrid antibody to cells will result 
in the anticollagen site of the divalent antibody binding to the tissue, 

/*" and the other site remaining exposed at 180 angstrom from the tissue antigen 
A- site; this is the best antibody method available for localization and 
enumeration of antigen sites per cell and has been used, for example, by 
Hammerling, et al ( J. Exp. Med ., 128 , 1461, 1968), to enumerate the number 
of and to localize the sites of, the antigens in mouse thymocytes. It is 
vastly superior to use of native antibody labelled with ferritin or horse¬ 
radish peroxidase. Use of hybrid antibody to ferritin and to igG will 
permit enumeration of the number of IgG molecules bound/cell. If these 
are all antibodies to native or all to aldehyde-collagen complexes, the 
number of molecules detected with the anti-IgG—anti-ferritin hybrid 
should be identical. If a portion of the emphysematous lung sites react 
with the anti-native collagen, and another portion with anti-aldehyde- 
collagen complex, data on relative ratios in various patients will be 
correlated with severity of disease (assessed by pulmonary function, tests), 
duration of disease, smoking history, etc. 




Significance 

Achievement of the goals that we have set to ourselves will result 
,-i in a better understanding of the relationship between cigarette smoke and 
emphysema. It may also offer a new approach to a sorely lacking means 
of early detection of the disease. Specifically, the four broad lines 
^ of investigation proposed herein have the following goals: 

1. The study on the effects of various concentrations of aldehydes 
on cell division, life span, and synthetic activity may provide 
insights into the etiology and pathophysiology of emphysema. The 
slow disappearance of connective tissue components from the affected, 
lung may be the result of normal turnover without the proper re¬ 
placement. Such a process would result from killing of fibroblast 
and, at higher concentrations of formaldehyde, reduction of the 
synthetic activity of the surviving cells. Moreover, the observation, 
that moderate levels of formaldehyde can cause an. increase in the 
synthesis of collagen, may explain the epidemiologic observation 

that among workers exposed to cotton dust (9) or to asbestos fibers 
(10), pulmonary fibrosis is more frequent and more extensive when. 

: cigarette smoking is added to the dust exposure. 

2. Identification of the cell fraction(s) to which aldehydes bind ' 
will lay the groundwork for understanding the mode of action by 
which they exert their injurious effects. 

3. The study of the interaction of smoke components with lung matrix 
molecules and study of the immunogeniciity of these complexes may 

C provide a basis for understanding the immunogenicity of lung 

collagen in. emphysema patients, as illustrated by the fact that 
70% of these patients have antibodies against collagen. This may 
also serve as a new approach to development of a test for early 
detection of emphysema. A key requirement for the latter two goals 
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is the availability of a sensitive and quantitative assay for 
collagen. This we have already accomplished by the development 
of radioimmunoassay of collagen. 



c 
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Fluorescent Antibody Studies 

^ In contrast to the main body of the application, part of which has 

Ui already been carried out, this part is more speculative and we are unsure 
T about its outcome. We therefore propose it as a separate part, and are 
asking for only minimal funding to try it. If the idea proves successful, 
/ an expanded proposal along this line of investigation will be submitted. 

. V * V 

Background 


As stated previously in this application', we have found antibodies 
- to collagen in 70% of patients with emphysema. If 1-5% of patients with 
emphysema develop the disease as a result of homozygosity for a gene 
producing protein Inhibitor (alpha-antitrypsin, anti-collagen, and anti- 
elastin) deficiency, this leaves another 25-29% unaccounted for, suggesting 
that in the subject with normal Pi levels at least two separate etiologic 
mechanisms exist. 


• * Objective 

- We propose to ascertain whether the two types are due to (a) differences 
- in immunologic host defense, and/or (b) to differences in antigen content 
per cell in the pulmonary parenchymal cells in these two types. 

^ We also propose to investigate lung tissues of smokers and non-smokers 

(obtained during pulmonary resection for other causes, with autopsy) to 
discern whether antigen content/cell in smokers without emphysema differs 
from the normal non-smokers and from smokers with emphysema. 

Further, although anti-collagen' antibodies are presumably the result 
rather than the cause of the emphysema, it seems possible that once present, 
they may contribute to further lung damage in a genetically predisposed 
host, thus creating a vicious cycle. This also will be investigated. 

Materials and Methods 


The major difficulties with fluorescent microscopy (as ordinarily used) 
as applied to studies of the lung are: 


1) Fixation of lung tissue for adequate spatial localization. 

2) Inability to quantitate the Intensity of fluorescence. 

During the past two years, we have: 

1) Developed techniques for fixation of lung tissue for immunofluores¬ 
cence and immunoelectronmicroscopy without loss of spatial rela¬ 
tionship. 

2) Developed a technique, utilizing a Leitz Orthoplan fluorescent 
microscope with Incident lighting and an MBVI Spectrophotometer 
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with automatic read-out* This technique allows us to localize 
and quantitate (0-100% rather than 1+ to 4+) antibodies directed 
against single cells in tissues, (by automatic subtraction of 
background fluorescence)and to estimate differences in antigen 
density between cells from homologous tissues (16). 


Antibodies to native collagen and denatured collagen have already 
been proposed, and those to collagen altered by various components of 
cigarette smoke are being proposed. These have been and will be labelled 
with fluorescent isothiocyanate and rhodamine by the methods used previously 
(17). All antisera will be characterized as to the peptide in collagen 
which bear the corresponding homologous antigenic determinant. 

Pulmonary cells from non-smokers and smokers "hormal", and from 
smokers and non-smokers emphysematous lung, will be compared with various 
antibodies by indirect immunofluorescence. Direct fluorescence will also 
be done to ascertain anti-collagen antibody bound jur vivo . 


*7 
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Significance 

1) Increased antigen density as revealed by the same antisera 
presumably renders a cell more liable to destruction by antibody than one 
with decreased numbers of antigen sites. Cigarette smoke aldehydes may 
pathologically act not only to cause destruction of pulmonary cells, but 
oerhaps also to revive "buried" determinants by disabling a portion of the 
cell membrane (similar to the.action of various proteolytic enzymes in 
exposing! additional antigens on the red cell membrane (e.g. 18, 19). 

Similar studies will also be performed on cell lines of normal lungs in an 
in vitro culture before and after exposure to various cigarette aldehydes . 

If such is indeed the case, antigenic density/cell in emphysematous 
lung as compared to that of non-emphysematous lung should be greater. 

Such comparison will be especially useful in lung tissue obtained from: 
emphysematous and non-emphysematous subjects with comparable smoking 
histories matched for age, sex and ethnic origin. 

If "normal" smokers, with few exceptions, show no differences as 
compared to normal non-smokers, perhaps a prognostic tool can be devised 
to predict those liable to develop emphysema (on the basis of similar 
studies on cells obtained from bronchial aspirators for cytologic studies), 
and thus council only those liable, presumably for genetic reasons, to 
develop the disease to avoid cigarette and other possibly deleterious 
environmental factors. 

2) Alternatively, various aldehydes found in tobacco smoke, may alter 
collagen to produce neoantigens not present normally. Emphysematous lung 

C may have a higher altered antigen density, and it might be possible to de¬ 
tect antigenic differences by immunofluorescent techniques between the 
normal and altered collagens and antisera from emphysematous animals or 
patients. The addition of antisera to cell lines, cultured with aldehydes 
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in order to produce altered collagen, may prove of great value in establishing 
/hich immunologic factors contribute to destruction of such cells, and 
if so, which aldehydes are intimately involved. 

v j- v ° investigation of antibody will also be studied; such localization 
would provide important evidence that the antibodies to native or to altered 
collagen, though previously a result of the underlying process, bind to 
pulmonary cells in vivo , thus producing a viscious cycle by causing further 
damage. Antisera to complement components C 4 , C 3 , and C 2 (20) will also 
be used in these studies, since simultaneous binding of anti-collagen 
immunoglobulins (Jg) and of complement would strongly suggest a cytolytic 
action in vivo. 


C 
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10 . Space and facilities available (when elsewhere than item 2 indicafes, state location): Our biochemical laboratory 
has a total area of 1000 sq. ft. which includes 60 sq. ft. of office space. 

In addition, we have a tissue culture unit on an area of 150 sq. ft. Animals 
^re maintained in central quarters, serving the whole institution. Major 
items of equipment includesl) Centrifuges; low speed (International), medium 
speed (Servall) and an ultracentrifuge (Beckman, Model L). 2) Fraction collec¬ 
tors (Buchler refrigerated, LKB), columns, recorders (Leeds & Northrup). 3) 
Spectrophotometer, Beckman Model Db, used for continuous flow monitoring of 
column efficients. 4) LKB column effluent monitor, used for proteins other 
than collagen. 5) Liquid scintillation counter, Packard. 6) Disc gel electro¬ 
phoresis apparatus, analytical (Canalco). 7) Auto-analyzer (Technicon), used 
for automatic analysis of hydroxyproline. 8) Other standard equipment of a 

biochemical laboratory (balances, desk-top centrifuges, autoclave, etc.). 9) 
Fully equipped tissue culture unit (incubator, UV hoods, microscope, micro¬ 
photography equipment) . 


3 


11. Additional facilities required: 


NONE 


3 

12. Biographical sketches of investigator(s) and other professional personnel (append): 

See attached Pages 20 and 21 

13. Publications: (five most recent and pertinent of investigator(s); append list, and provide reprints if available). 

See attached 
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14. First year budget: 

A. Salaries (give names or slate "to be recruited") 

Professional (give % time of inveitigator(s) 
even if no salary requested) 

Michaeli, Ph.D*, Assist. Prof. Res. 

» Nevo, Ph.D. Assist. Res. Biochemist 111 
Belton, Ph.D., Assoc. Res. Immunol. I 


Technical 

D. Aiken, Staff Res. Assoc. Ill Step 5 100% 

H. Scheuenstuhl. Staff Res. Assoc. Ill Step 5 100% 

S. Inguito* Laboratory Assist. I 50% 

N. Parkin, Secretary II Step 5 25% 


♦♦Salaries include 15% fringe benefits 


Sub-Total for A 


Bw Consumable supplies (by major categories) 

Radioactive materials, solvents for assays etc. 
Tissue culture media, dishes, gas mixture 
Glassware and chemicals 
Animals, purchase and maintenance 


Sub-Total for B 


C. Other expenses (itemize) 

Travel (Aspen Emphysema Gonf.) 
Publication costs 


Sub-Total for C 
Running Tbtal of A 4- B + C 


D. Permanent equipment (itemize) 


Spectrofluorimeter (for DNA Determinations) Turner 
Model 430 


E. Indirect costs (15% of A-fB^rC) 
15- estimated future requirements: 


Sub-Total for D 


Total request 


18, 

, 515, 

.00 

7, 

,537, 

.00 

16, 

, 712. 

.00 

16, 

,712, 

.00 

4, 

, 858, 

.00 

2 t 

, 677. 

.00 

67 , 

,011, 

.00 

2, 

,000, 

.00 

4, 

, 800, 

.00 

2, 

,000. 

.00 

3, 

,000. 

.00' 

11, 

,800, 

L 00_ 


800, 

.00 

1. 

,000, 

.00 

1. 

,800, 

.00: 

80 i 

,611, 

,00 

3, 

,900, 

,00 

3, 

.900, 

.00 

_-12, 

_092, 

t 00. 


. 96*603 ._00_ 


Salaries Consumable Suppl. Other Expenses Permanent Equip. Indirect: Costs Total 

Ye of2 70,362 _ 11,800 _ 1,800 _-0-_ 12,594' _ 96, 556.00 

Year 3 73,881 11,800 1,800_-0-_13,122 100,603.00 
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Justification for Budget Items 


C .rsonnel 


Z. Nevo, Ph. D. —He is a highly trained biochemist and is well versed with 

tissue culture techniques which he learned in Dr. Dorfman's 
laboratory at the University of Chicago. He will conduct 
the biochemical assays on the cell cultures as detailed in 
this proposal. 

J. Belton, Ph.D.—Dr. Belton is an electron microscopist who, in addition 

to his skill with transmission electron microscopy, is 
familiar with the powerful techniques of freeze—fracture 
and freeze-etching electron microscopy. 

Technical: 

D. Aiken—Has participated in the development of a radioimmunoassay technique 
for determination of collagen and antibodies to collagen. She 
will be involved in application of this method as described in 
the proposal. 

H. Scheuenstuhl—Has been maintaining an excellent facility for tissue 

C culture and will be indispensible for the continuation 

of the tissue culture studies proposed herein. 

S. Inguito—Will be involved primarily with dish washing and general main¬ 
tenance activities. Tissue culture operations generate a large 
amount of glassware that has to be cleaned and sterilized, and 
her function in the smooth functioning of our studies is 
extremely important. 

N. Parkin—Will perform secretarial duties that have increased since we 

initiated the studies on effects of tobacco smoke on lung : tissue 
and we anticipate a further increase in the load once the proposed 
projiects proceed at full pace. 
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Technician for Immunofluorescence 

0 


50% 


5,226 


As stated on page 8 of this application, the immunofluorescent studies 
- are proposed on a trial basis. To carry them out, a technician for 
immunofluorescence will be needed at a 50% effort. 
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16. Other sources of financial support: 



list financial support from all 

sources, , including own institution, for this and reldtfed research projects. 


i . v- 

CURRENTLY ACTIVE 




I . • 

Source 


Inclusive 


Title of Project 

(give grant numbers) 

Amount 

Dates 


Career Development Award 

5 KG 4 AM50205 

21,735 

1/1/71-12/31/75 

; • .V'-*. 

Immunochemistry of Lung 




' ..." - ■ "■*■■■ -v''■■*. !• .. ■ 

Collagen 

HL-14759 

250,000 

3/1/72-2/28/76 

:.r-. • s ; •: :;>>> ■ 

■ ; ' vi’ ,■ ; 

'• - 1 .■/.".:*•••• ,'f ' . . v/i * 

Trauma Center Project 

GM18470 

40,000 

8/1/71-7/31/74 

V..- ; 


PENDING OR PLANNED 





Source 


Inclusive 

«; 

Title of Project 

(give grant numbers) 

1 I 

Amount 

1 ! 

Dates 

1 


It is understood that the investigator and institutional 
officers in applying for a grant have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made." 


rt 


eks payable to 

Regents of the University ofi California 


Mailing address for checks 

Gifts & Endowments 


1487 4th Avenue 

-SajUlrancis ccv_ .Cal i for nia_-9412Z- 


Principal investigator 

Typed Name Dov Micha el i, Ph.D. ___ 

Signature _ . 'f'/u'ZSfL * Date — 

Telephone_415_666-1 865 _ 

Areo Code Number Extension 

Responsible officer of institution 

Typed Name Sue _Cl_ark _ 

Title __Prograrr^ Caordinatox^jGif ts,&._Endow- 

_Dote l/28/7g )ent S 


Signature 

Telephone 


. 14151 . 


666-2047 
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Progress Report for CTR Grant #786 



O' 


1. An important goal of this grant was to establish the role of the immune 
respaise against lung components in the etiology and pathophysiology 

of emphysema. We have found that 70% of patients with emphysema that 
we have tested had antibody titers against denatured collagen. This 
high incidence has great significance not-only in understanding the 
pathophysiology of the disease but a possible means for early detection 
of the disease before respiratory symptoms become evident. Copies of 
the manuscript describing these results are attached. — 

2. Another important goal of this grant was to examine the hypothesis 
that aldehydes from cigarette smoke form a complex with lung connec¬ 
tive tissue, specifically with collagen. Very early in the course of 
the investigation, we encountered difficulties in quantitating the 
titers to collagen-aldehyde complexes. This is because of the low 
degree of quantitation possible by the hemagglutination technique. 

We embarked on a program to develop a quantitative and sensitive tech¬ 
nique to determine these antibodies. As a result of this investigation, 
we have developed a radioimmunoassay of collagen which enables us to 
detect nanogram quantities in the blood. This we consider a significant 
breakthrough in studies on collagen since collagen was impossible to 
assay in serum due to interfering substances. We have already started 
experiments to standardize the reaction between collagen reacted 1 with 
radioactive formaldehyde and antibodies to collagen and to formaldehyde- 
collagen complex. This study is covered in the new grant proposal. 


3. Experiments on the effect of aldehydes found in the gaseous phase 

of cigarette smoke on the proliferation rate and biosynthetic activity 
of lung fibroblasts have been undertaken recently and are described in 
detail in the proposal (pages 2-4). in short, we have found that minute 
concentrations of formaldehyde would cause an increase in collagen 
synthesis which in clinical situations may present as fibrosis. That 
this indeed is the case was determined by exposure of rats to low levels 
of formaldehyde. At higher concentrations aldehydes caused a marked 
decrease in both proliferative activity and biosynthesis of connective 
tissue. This observation may offer a rational explanation to the 
pathophysiology of emphysema. If indeed biosynthetic activity of lung 
fibroblasts is arrested, one would expect to see a slow disappearance 
of alveolar septal tissue. These experiments, although very exciting, 
are still in their initial stage and much more work in defining the 
molecular lesion is required. 


C 


4. Using freeze-etching and freeze-fracture techniques, we have charac¬ 
terized the ultrastructure of lung collagen (manuscript attached). '*-• 

We have now moved to the subject of the ultrastructure of lung collagen 
exposed to cigarette smoke. A smoking machine promised to us by Dr. - 
John Kreisher of the CTR will be of tremendous help in this investigation 
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C A more complete report on the current status of our projects related 
. to cigarette smoke is incorporated in the new grant proposal. 


Supplemental 

% 

"A progress report on work that has little bearing on the present 
application will follow shortly". 




C 
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Tiie Council For Tobacco Reseahcii-U.S.A., Inc. 


October 19, 1973 



Grant application No. 938 


PUmONARY 



To: The committee comprising Drs. Liebow, Sommers, Wyatt 

Subject: Marvin A. Sackner, M.D., Mount Sinai Medical Center, 
Miami Beach 

New application No. 938 

"Effects of Smoking on Mucociliary Clearance in Man" 



I 


C 


History 

This proposal was Case No. 215 and formal applica¬ 
tion was encouraged. 

Request 

—- \ 

Application No. 938 requests $91,^5 plus two addi¬ 
tional years. 

Documents Submitted (attached) 

1. Application dated 8/15/73. 

2. Consent form. 

3. C.V.'s of Drs. Sackner, Landa, Wanner, 
and Michaelson. 



F.W.N. 


FWN:wg 
Ends. 
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The Council For Tobacco Research-U.S.A., Inc. 


110 EAST 59th STREET 
NEW YORK. N. Y. 10022 
(212) 421-8385 

Application for Research Grant 


TTs fpu r-T> ry 

S! k Hi 

* 




AUG 2 9 1973 


(Use extra pages as needed) ^ 

1. PrincipaUnvestigator (give title and degrees): 


Date | 8/15/73 

u> tf 


Marvin A. Sackner, M.D. 

2. Institution & address: 

t 

Mount Sinai Medical Center 

4300 Alton Road 

Miami Beach, Florida 33140 

3. Department^where research will be done or collaboration provided: 

Division of Pulmonary Diseases 
Department of Internal Medicine 

4. Short title of study: 

Effects Of Smoking On Mucociliary Clearance In Man 



5. Proposed starting date: January 1, 1974 

6 . Estimated time to complete: 3 Years 

7. Brief description of specific research aims: 

1. To determine the acute effects of the smoke of tobacco products on tracheal 
mucous velocity in non-smokers and smokers. 


2. To establish whether or not filters or additives to cigarettes such as menthol 
have a quantitative difference on tracheal mucous velocity during both short 
and long term exposure. 

3. To perform tests of small airway obstruction in young smokers and to correlate 
the results of these tests with measurements of tracheal mucous velocity. 

4. To test whether pharmacologic agents and environmental factors such as humidity 
and temperature modify the effects of smoking. 


5. To collect and study the composition of mucus in anesthetized dogs by the methods 
of Proctor and his associates and to study the effects of smoking on changes in 
composition. 

6 . To develop lavage methods using the bronchofiberscope for collection of mucus 
and alveolar macrophages first in animals and later in man, after these methods 
are standardized, to study the effects of smoking on the various parameters. 

7. To test the acute effects of smoking on viscosity of mucus and to measure the 

ciliary activity of ciliated epithelium by an in-vitro technique. ' - 

... ... - 
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8 . Brief statement of working hypothesis: 


2 . 


c 


Although there is a great deal of evidence from the Surgeon General's Office that 
the smoking of tobacco products is associated with an increased incidence of pul¬ 
monary diseases, and that this information has been conveyed to the public, it has not 
cut down on the consumption of tobacco products. Many experienced physicians in 
the field of Pulmonary Disease recognize that it is impossible to prohibit or 
legislate bans on the smoking of cigarettes, owing to the fact that people simply 
ehjoy this habit. However, it is important to distinguish characteristics among 
the various tobacco products that make them safer to the lungs. The mucociliary 
system constitutes an effective protective mechanism against inhaled particulate 
matter and its failure is often implicated in bronchopulmonary disease. Indeed, 
throughout the NHLI Task Force Report on Research in Pulmonary Diseases, it was 
emphasized that the study of pulmonary defense mechanisms, specifically, mucociliary 
clearance, was of prime importance if diminution in mortality and morbidity in lung 
diseases were to be achieved. Published reports on the effects of acute and chronic 
cigarette smoking on mucociliary clearance have been conflicting. Both increased and 
decreased clearance have been observed and undoubtedly some of the controversy has been 
related to the previous qualitative methodology for estimation of mucous clearance. Also* 
standardization of smoking in animals has been difficult and this may also have contributed 
to the difficulty in arriving at definitive conclusions. Recently we developed a cine- 

Wn experirrfenfa? design and procedures (append extra pages as necessary) 

1. A cine bronchofiberscopic technique for estimation of tracheal mucous velocity 

will be employed in paid volunteers and patients. If particles are placed on the 
mucosal surface, ciliary activity will carry them upward with the mucous blanket 
toward the larynx. Their movement can be filmed through a bronchofiberscope whose 
tip is located within the lumen of the airway of interest. Since the distal lens of 
this is wide angle and has an extremely small aperture, the image on the fibers is 
in satisfactory focus for object distances from 5 to 50 mm. The particles appear 
larger as they approach the lens of the bronchofiberscope. By standardizing the 
particle size-and the film projection factor and knowing; the■filming speed, it is 
possible to compute their velocities from their projected image size. 

In the absence of reference distances in the trachea, the distance of a Teflon disc 
from the distal lens of the bronchofiberscope must be determined from its image 
size in the projected film. Therefore, we employed a model of the trachea in order 
to establish the relation between the projected image size of the disc and its dis¬ 
tance from the lens of the bronchofiberscope. . The model trachea was mounted on an 
optical bench and a millimeter rule fixed within it. Teflon discs were placed at 
various distances between 20 and 50 mm away from the distal lens of the broncho¬ 
fiberscope. The bronchofiberscope was centered within the model trachea so that 
the distal lens lay 8 mm radially from the millimeter rule. A 16-mm Beaulieu 
"Endo" motion picture camera was coupled to the bronchofiberscope and the illumi¬ 
nation by the xenon light source (Olympus model CLX) set to "maximal brightness." 

Kodak Ektachrome (Daylight ASA 160) was used for documentation. The processed films 
were reviewed on a film viewer-reader (V/R 100-C/M Traid Corp., Glendale, Calif.). 

This rear projection viewer with a fixed magnification permits measurements of 
positions on the screen from mechanical counters coupled to manually controlled x 
and y cross hairs. The film frame may be read from a mechanical counter. 

The cinefilms are viewed on the same film viewer-reader used for analysis of the 
films taken in the model trachea. Each particle whose velocity is to be computed 
is viewed at a minimum of three positions (frames) in the course of its filmed path. 

At each of these positions, the major axis of the elliptical particle image is 
located and measured by moving the cross hair intersection to the boundaries of this 
image on the axis. The disc diameter which forms the major axis of the image is 
always perpendicular to the line from the tip of the bronchofiberscope to the par¬ 
ticle. For this reason, the major axis of the image depends only on the distance of 
the disc, not on the angle from which it is viewed* This increases the insen¬ 
sitivity of our method to decentering of phe bronchofiberscope. Choice of frames 
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Brief statement of working hypothesis (Continuation) 

bronchofiberscopic method that can be employed in humans and animals to obtain serial 
measurements of tracheal mucous velocity over prolonged time intervals. A logical exten¬ 
sion of our research activities is to study the effects of smoking on tracheal mucous 
velocity, to develop methods of collecting and analyzing mucus, to integrate histologic 
examination of ciliated epithelium and the alveolar macrophage in order to achieve a 
better understanding of the effects of smoking on these host defense mechanisms. 
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1 

I 


9. Details of experimental design and procedures (Continuation) 

from which image size is to be recorded must also be made in such a way as to isolate 
mucous motion from motion of the tracheal wall due to respiration and heartbeat. 

This is accomplished by choosing a fixed point on the viewing screen and taking 
measurements only from frames in which some tracheal landmark coincides with this 
point. Dark fixed spots due to broken optical fibers are readily available screen 
points and tracheal rings are convenient tracheal landmarks. If no dark spot falls 
on a tracheal ring, a contour is drawn with a grease pencil on the viewing screen 
to coincide with the tracheal ring in frames from which data are taken. All 
measurements for velocity computation are made at resting lung volume (FRC) position. 

To compute a mean tracheal mucous velocity, 10-12 particles are measured in each 
run. We trace lines on the viewing screen to divide the trachea into four quadrants 
and try to measure image size of three to four particles in each quadrant. 


r 

v 


a. Acute effects of cigarette smoking. Ten light or nonsmokers and ten heavy 
smokers will be given cigarettes standardized for tobacco and nicotine content 
and will be asked to smoke them in a standardized fashion. Comparisons will be 
made on the acute effects of smoking different cigarettes on tracheal mucous 
velocity on separate days. Observations will be carried out over a 30 minute 
period and should mucous velocity be depressed, administration of catechola¬ 
mines will be given in an effort to speed it up. These subjects will also be 
asked to abstain from smoking one to two weeks and the experiments repeated. 

b. Subjects who are known to have small airway obstruction (see screening tests for 
estimation of small airway disease) versus cigarette smokers matched for pack 
years but who do not have evidence of small airway disease, will be selected. 
Tracheal mucous velocity will be measured in both groups to ascertain whether 
impairment of this parameter is an earlier sign of pulmonary dysfunction than 
smaller airway disease. Attempts to modify mucous clearance will be accomplished 
by administration of catecholemines and other pharmacologic agents. 

c. The effects of preconditioning with air of low humidity or high humidity and 
high or low temperature will be studied to obtain an understanding of the inter¬ 
relationship of environmental factors in the response to smoking. The subjects 
will be placed within a environmental chamber presently in our laboratory prior 
to smoking a cigarette and then tracheal mucous velocity will be measured. 


d. The effects of standardized cigarettes supplied by the Tobacco Industry will 

will be employed to derive quantitative differences on tracheal mucous velocity 
among various brands of tobacco products. 

Tests of small airway obstruction to correlate with measurements of tracheal mucous 
velocity. There has been a great deal of emphasis recently on the detection of small 
airway disease by means of various proposed tests. These include measure of closing 
volume, analysis of the flow volume curve, analysis of single breath nitrogen test, 
measurement of the frequency dependence and measurement of frequency dependence of 
lung compliance. The latter is thought to be the most sensitive technique and also is 
the standard for discrimination among normal and diseased subjects in' the presence of 
otherwise normal pulmonary function. However, it is a invasive test involving the 
swallowing of an esophageal balloon and therefore is unsatisfactory for widespread 
screening. We have recently confirmed a mathematical link between frequency depen- 
dence of lung compliance and distribution of ventilation, the latter determined by 
the nitrogen washout technique. Assuming a two compartment system with equal com¬ 
pliances in making corrections for Pendelluft and common dead space mixing effects. 
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9. Details of experimental design and procedures (Continuation) 

the ratio of dynamic to static lung compliance for any respiratory frequency can 
be calculated; from the compartmental analysis of the nitrogen washout at a single 
respiratory frequency. Using these equations, a good correlation was found between 
calculated and measured CLjp/Cj^ in a mechanical lung model, in dogs with artificially 
induced bronchial obstruction, and in young smokers or young non-smokers following 
carbachol inhalation. Finally, a two compartment nitrogen washout was demonstrated 
• in 10 healthy smokers at one or two respiratory frequencies whereas all 10 normal 
controls showed a single exponential curve. These findings indicate that the non- 
invasive nitrogen washout test is capable of predicting Cl d /Cl s and at the same time 
gives a direct measure of gas distribution. Further, it appears to be a highly 
sensitive method for the detection of "small airway disease". 

As mentioned above, we will attempt to screen smokers with similar smoking his¬ 
tories for evidence of small airway disease and those with no evidence for this 
and ascertain whether mucous clearance parallels these tests, whether the sup¬ 
pression of mucous clearance is found only in those subjects with the small airway 
disease or whether it is not found at all. These patients will then be challenged 
with cigarette smoke to ascertain what happens to tracheal mucous velocity. 

3. Collection and Composition Of Mucus In Anesthetized Dogs or Unanesthetized Sheep . 

We have previously demonstrated that tracheal mucous velocity can easily be measured 
in anesthetized dogs. However, it is also possible to study unanesthetized sheep. 

We do not have facilities for housing sheep within our Animal Laboratory and we first 
plan 1 to make these measurements in anesthetized dogs and later should they prove of 
interest in conscious sheep in an animal facility that will have to be rented outside 
the hospital. We intend to make measurements of the respiratory mucus after the method 
described by Proctor, Aharonson, Reasor and Bucklan: (Bull. Physio-Path. Resp. 9: 351- 
357, 1973). These authors placed a soft, plastic coated, glass fiber mesh into the 
upper trachea to collect mucus and an absorbent cotton wad just beneath the vocal cords. 
They found; that the total tracheobronchial mucous flow seemed to be about 1 to 3 grams 
an hour. They collected the mucus from the mesh and the cotton and then washed the 
material from these collecting devices to study the composition of mucus. We plan to 
estimate the total amount of mucus as did Proctor and associates and also to measure 
the viscosity, total solids, nitrogenous components, electrolytes, and protein. We 
plan to study the acute effects of smoking and correlate it with tracheal mucous flow. 
Once the acute studies are completed, we then plan, some time after the initial grant¬ 
ing period to study the chronic effects of cigarette smoking on these variables as to 
whether any adverse effects can be protected by the addition of additives to the smoke. 
For example, it has been shown by Dalhamn and Rylander, (Am. Rev. of Resp. Dis. 103: 
855-857, 1971) that oxolamine citrate and Phenyl vinlyoxadiazole and Phenyl methyl- 
oxadiazole when added to cigarette smoke prevent a depression of ciliary activity. 

4. Lavage technique for alveolar macrophage using the bronchofiberscope . We are 
presently developing a technique using a silastic rubber balloon at the end of the ‘ 
bronchofiberscope to obtain alveolar macrophages by subsgemental lavage from 
different portions of the lungs. We intend to first develop this technique in 
anesthetized animals and later to use it in patients and normal volunteers. We 
shall correlate tracheal mucous velocity on the one hand and alveolar macrophage 
recovery and activity in response to the smoke of various tobacco products. By 
employing subsegmental lavage, different portions of the lungs can be sampled 
during a given study as a function of time. Harris, Swenson and Johnson (J. Clin. 
Invest. 49: 2086, 1970) have previously measured phagocytic activity and glucose 
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9. Details of experimental design and procedures (Continuation) 

utilization in human alveolar macrophages in smokers and nonsmokers. The macro¬ 
phages were obtained by bronchopulmonary lavage and the studies were carried out 
in vitro in the absence of smoke. We plan to extend these studies by obtaining 
repeated subsegmental lavages as a function of time. 

5. Estimation of viscosity of bronchial secretions . Although viscosity of sputum has 
been measured by many investigators over the past several years, results have been 
disappointing. This is because expectorated sputum is a nonhomogeneous material 
and therefore different samplings give widely varying values. This may also be 
true of bronchial secretions but no good data are available on this fluid owing 

to the prior difficulty of measuring the viscosity of a small sample. Recently, 
a new clinical viscometer has been designed which appears to circumvent these 
difficulties (Bleeker and Hoeksema: Ann. Otol. 82: 248, 1973). This device re¬ 
quires only .015 ml of specimen. We hope to obtain this quantity of mucus first 
from anesthetized dogs by developing a capillary meshwork device for sampling 
within the tracheobronchial tree. Later on, the mucus will be sampled for change 
in viscosity after acute exposure to different tobacco products. 

6. In vitro determination of ciliary activity . Measurements of mucociliary clearance 
as in our cine-bronchofiberscopic technique, give an overall picture of transport 
of mucus which is dependent on its composition, viscosity and amount, as well as 
on the integrity of ciliary activity. It is not possible to monitor ciliary 
activity in vivo but with exfoliated bronchial epithelium mounted in a nutrient 
wet preparation, preliminary microscopic studies indicate that ciliary activity 
can be measured using a visual auditory feedback technique (Bleeker, personal 
communication). We believe that a stroboscopic technique may be an improvement 
of this method for measurement of ciliary activity. We plan to develop this 
technique in animals and then apply it in humans smoking various tobacco products. 
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10. Space and facilities available (when elsewhere than item 2 indicates, state location): 

On or about October, 1973 the Division of Pulmonary Diseases will be moved into a new 
area in the Blum Research Building, consisting of 8,000 sq. ft. Of this space, approx¬ 
imately 4,500 sq. ft. are devoted to laboratories for both clinical and research work. 

- fhe clinical pulmonary laboratory is equipped with 1) two automatic pulmonary function 
devices, 2) three slowly responding helium analyzers and one rapidly responding helium 
analyzer, 3) three nitrogen gas analyzers, 4) two carbon monoxide infrared analyzers, 

5) Pulmonet with closed circuit helium setup, 6) Collins body plethysmograph, 7) Ergometer, 

8) DR-8 Electronics for Medicine oscilloscope with recorder and PR-7 recorder, 9) setup for 
rebreathing diffusing capacity, 10) four desk calculators, 11) one rapidly responding and 
two slowly responding oxygen analyzers, 12) two blood gas electrode machines, 13) one 
Capnograph, 14) one simulated breathing device, 15) Wolff 4 channel tape recorder. 

The research laboratory is equipped with 1) DR-12 Electronics for Medicine oscilloscope 
recorder, 2) Grass 78 - 13 channel recorder, 3) Phillips 7 channel analog tape recorder, 

4) 12 channel Electronics for Medicine oscilloscope recorder, 5) horizontal body plethys- 
roograph for combined cardiac and pulmonary studies, 6) vertical environmental chamber- 
body plethysmograph, 7) nitrous oxide infrared gas analyzer, 8) bag and box spirometers, 

9) apparatus with associated hybrid computer for pulmonary and chest wall mechanics and 
for estimation of closing volumes, 11) Perkin Elmer mass spectrometer, 12) five Olympus 
bronchofiberscopes, two light sources for taking of cine film, and two Beleau motion 
picture cameras. A biochemistry support laboratory is housed in this new facility. It 
is equipped for radioactive isotope waste disposal. 


Computer support is from two PDP-12 computers. One PDP-12 computer has 12 K core, 
800,000 word disc, hard wired floating point package and a Versitek line printer. The 
other PDP-12 has 12 K core and a card reader. Several software packages have been de¬ 
veloped for pulmonary function testing and for research data processing. 

11. Additional facilities required: (Continued 3A) 


None 


C 

12. Biographical sketches of investigotOr(s) and other professional personnel (append): 



13. Publications: (five most recent and pertinent of investigator(s); append list, and provide reprints if available). 

(See page 3B and 3C) ; .v:a.- 
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10. Space and facilities available (Continuation) 

( 

On the hospital grounds is an animal research laboratory with approximately 500 sq. ft. 
of space. Equipment includes 1) DR-12 oscilloscope recorder, 2) horizontal body plethys 
mograph, 3) image intensifier and x-ray equipment with cine, 4) nitrous oxide analyzer, 
5) CO 2 analyzer, 6) TMC 7 channel tape recorder, 7) Gas Chromatograph, 9) LINC 8 digital 
computer. Adjacent to the animal laboratory is a trailer containing offices and a rear 
view motion picture projector with paper tape output for preparation of data for compu¬ 
ter processing of mucous velocity experiments. 


c 



> 



r:*%L :»»'"? .?•.«* >V. -« i.. S #•*-<<*. * '* ■** * 

Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 





13 


3B 


. Five most recent and pertinent publications: 

C 

Marvin A. Sackner, M.D. 

1. Avery, W.G. and Sackner, M.A.: A rapid measurement of functional residual 
capacity in the paralyzed dog. J. Appl. Physiol. 33: 515-518, 1972. 

2. Sackner, M.A., Wanner, A. and Landa, J.: Applications of bronchofiberscopy 
Chest, 62: Suppl. 2, 70S - 78S, 1972. 

3. Michaelson, E.D., Sackner, M.A. and Johnson, R.L., Jr.: Vertical dis¬ 
tributions of pulmonary diffusing capacity and capillary blood flow in man. 
J. Clin. Invest.' 52: 359-369, 1973. 

4. Sackner, M.A., Rosen, J.J. and Wanner, A.: Estimation of tracheal mucous 
velocity by bronchofiberscopy. J. Appl. Physiol., 34: 495-499, 1973. 

5. Sackner, M.A., Rosen, M.J. and Wanner, A.: Effects of oxygen breathing 
and endotracheal intubation on tracheal mucous velocity of anesthetized 
dogs. Bull Physiol-path. Resp. 9: 403-415, 1973. 


Jose F. Landa, M.D. 

1. Landa, J., Avery, W.G. and Sackner, M.A.: Some physiologic observations in 

smoke inhalation. Chest, 61: 62-64, 1972. 

2. Amikam, B., Landa, J., West, J. and Sackner, M.A.: Bronchofiberscopic ob¬ 
servations of the tracheobronchial tree during endotracheal intubation. 

Am. Rev. Resp. Dis., 105: 747-755, 1972. 

3. Sackner, M.A., Wanner, A. and Landa, J.: Applications of bronchofiberscopy. 

Chest, 62: Suppl. 2, 70S - 78S, 1972. - 

4. Sackner, M.A. and Landa, J.: Bronchofiberscopy: To intubate or not to 
intubate1 Chest, 63: 302, 1973. 


Adam Wanner, M.D. 

1. Wanner, A., Zighelboim, A. and Sackner, M.D.: Nasopharyngeal airway: a facili¬ 
tated access to the trachea. Ann. Int. Med., 75: 593-595, 1971. 

2. Wanner, A., Amikam, B. and Sacknner, M.A.: A technic for bedside broncho¬ 
fiberscopy. Chest, 61: 287-288, 1972. 

3. Sackner, M.A., Wanner, A. and Landa, J.F.: Applications of bronchofiberscopy. 
Chest, 62: 705-785, 1972. 


4. Sackner, M.A,, Rosen, M.J. and Wanner, A.: Estimation of tracheal mucous 
velocity by bronchofiberscopy. J. Appl. Physiol. 34: 495-499, 1973. 

5. Wanner, A. and Sackner, M.A.: Transvenous phrenic nerve stimulation in 
anesthetized dogs. J. Appl. Physiol., 34: 489-494, 1972. 
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Five roost recent and pertinent publications (Continuation) 


Edward D. Michaelson, M.D. 

1. Walsh, R.E., Michaelson, E.D., et al.: Upper airway obstruction in obese 
patients with sleep disturbance and somnolence. Ann. Int. Medicine, 76: 
185-192, 1972. 

2. Michaelson, E.D., Sackner, M.A., and Johnson, R.L. , Jr.: Vertical dis¬ 
tributions of pulmonary diffusing capacity and capillary blood flow in roan. 

J. Clin. Invest.'52: 359-369, 1973. 

3. Crossley, R.J., Leverett, S.D., Jr., Shubrooks, S.J., Jr., Michaelson, E.D., 
and Burton, R.R.: Human physiologic responses to high, sustained +G Z 
acceleration. Preprints of Scientific Program, Aerospace Medical Association, 
May 7-10, 1973. 

4. Shubrooks, S.J., Jr., Leverett, S.D., Jr., Crossley, R.J., Michaelson, E.D., 
and Burton, R.R.: Human physiologic responses to high, sustained +G Z 

with positive pressure breathing. Preprints of Scientific Program, Aerospace 
Medical Association, May 7-10, 1973. 

5. Michaelson, E.D., O'Byme, B.: Effects of varying inspired oxygen concen¬ 
trations (FIO 2 ) on pulmonary mechanics. Preprints of Scientific Program, 
Aerospace Medical Association, May 7-10, 1973. 
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14. First year budget: 

■ A. Salaries (give names or state "to be recruited") 
Professional (give % time of investigator(s) 
even if no salary requested) 

Marvin A. Sackner, M.D. 
Adam Wanner, M.D. 

Jose Landa, M.D. 

Edward Michaelson, M.D. 
Biochemist (to be named) 


% time 

Amount 

15 

0 

10 

3,600 

33 

12,000 

17 

6,000 

100 

18,500 


Technical 


Research Technician (to be named) 
Pulmonary Technician 


100 

30 


9,500 

0 


B. Consumable supplies (by major categories) 


Sub-Total for A 


49,600 




Cine Film' and Processing 
Glassware, disposables 
Animals 

Chemicals, reagents 


Sub-Total for B 


4.500 
3,000 
4,000 

2.500 


14,000 


C. Other expenses (itemize) 


Fees for Volunteers (for bronchofiberscopic studies) 
Travel 

Publication Costs 


8,000 

500 

1,000 


Sub-Total for C 
Running Total of A + B + C 


9,500 


D. Permanent equipment (itemize) 


Viscometer for microanalysis of mucus (for measuring mucous 
viscosity) 

Series H20 Advanced Phase Microscope Model H20 TG-P-8 
with photographic accessories (for measurement of ciliary 
beating of bronchial epithelial cells) 


^ E. Indirect costs (15% of A+B+C) 
15. Estimated future requirements: 


Sub-Total for D 
E 

Total request 


73,100 


3,000 

4.400 

7.400 


10,965 


91,465 


<A 


u 

2 

n 



Salaries 

Consumable Suppl. 

Other Expenses 

Permanent Equip. 

Indirect Costs 

Total 

Year 2 

52,328 

14,000 

9.50(5 

n 

11,374 

87,202 

Year 3 

55,206 

15,000 

9,500 

0 

11,956 

91,662 
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16. Other sources of financial support: 

List financial support from all sources, including own institution, 

CURRENTLY, ACTIVE 





Source 


* * Title of Project 

(give grant numbers) 

Amount 

Volumes And Compliance Of 



Pulmonary Circulation 

NIH-HL 10622 

200,825 

Effects Of Oxygen On Mucous 



Clearance Rates 

NIH-71-2205 

101,715 

Detection And Prevention Of 



Regional Pulmonary Atelectasi: 

t 


Edema, And Hypoperfusion 

Aerospace Med. Div. 


During Acceleration 

F 41609-72-C-004 

98,832 

■ V* v>„ • Pulmonary Training Grant 

1 TOl NL5980-01 

200,000 


PENDING OR PLANNED 



Source 


Title of Project 

(give grant numbers) 

Amount 

Host Defense Mechanisms Of 

; 

pplicatio: 

The Lung 
r 

NHLI ] 

ncomplete 

V Detection and Prevention Of 

| 


Regional Pulmonary Atelectasi* 

t 


Edema, And Hypoperfusion 

1 


During Acceleration 

Aerospace Med. Div. 

49,900 


for this and related research projects. 


Inclusive 

Dates 


9/1/66-8/31/75 

7/1/71-7/1/74 

10/14/71-10/14/73 
7/1/73-7/1/78 


Inclusive 

Dates 


5/1/74-5/1/77 


10/14/73-10/14/74 


ft is understood that the investigator and institutional 
officers in applying for a grant have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made." 


Checks payable to 

^ Mount Sinai Medical Center 


Principal investigator 

Typed Name Marvin A. Sa c kner, M.D . 

^Signature^^l ^ Q _Date 

Telephone _ 


305 


538-6030 


Mailing address fbr, checks 
4300 Alton Road 


Responsible officer of institution 
Typed Nome Samuel Gertner 
Title 


. T - 

Executive Vice President* 


r ‘ ■ 


\ ~. ' 

T' S’• 

•• r> •' ■ w 

'• &%r 


Miami Beach, Florida 3314 0 


Signoture 

/ 

Telephone 


- V .yrnto 1 . ■ K tf y, 


305 


532-3611 


3311' 


±j. C. •. :, 


•>*- L 
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Tin: Council For Tokacco Reseakch-U.S.A., Inc. 



February 7, 1974 






Grant application No. 975 
CHRONIC PULMONARY DISEASE 


To: The committee comprising Drs. Liebow, Sommers and Wyatt 


Subject: Herbert W. Wallace, M.D., Graduate Hospital of the Univ. of Pennsylvania 
New application No. 975 
"Pulmonary Biochemistry" 


History 


The Executive Committee initially considered this proposal as 
Case No. 212, and voted to encourage formal application. 


» 

Request 

Application No. 975 requests $ 60,201 plus two additional years. 


Documents Submitted 

Attached is application dated January 24, 1974. 

Reprints of the publications listed on page 3A are available to 
you on request. 


FWN:gh 


Enclosures 
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The Council For Tobacco Research -jU.S.A., Inc. 



110 EAST 59TH STREET 

! FEB 4 

• • ■ 

4 A 

NEW YORK. N.Y. 10022 

1S74 ■■ A 

** jT*t ' 

(212) 421 8385 

l * 

r ; . ■-« 

. t 

Date: 

^§A AA 

. Application for Research Grant 

A; < .* 

J L uli w LL 


(Use extra pages as needed) 


January 24 


’ A «, - 


. • ... 

|. 

Principal Investigator (give title and degrees): Herbert W. Wallace, M.D. 

Associate Professor of Surgery 

• 










2. Institution & address: 

Graduate Hospital of the University of Pennsylvania 
19th and Lombard Streets 
Philadelphia, Pennsylvania 191^6 




T >52,iy 3. Deportment(s) where research will be done or collaboration provided: 

Department of Surgery, Harrison Department of Surgical Research, • '• 

•: Department of Physiology ; 

- '■ ' . . - : 'A--Aj... . • V; • 

- 4. Short title of study: PULMONARY BIOCHEMISTRY ' A ’ '' ’ ' ' . ’ 



5. Proposed starting date: July 1 f 197^ 

6. Estimated time to complete: Five years 





7. Brief description of specific research aims: 

* - - 

1. To determine the normal metabolic pathways and the primary substrates 
A; utilized as energy sources by pulmonary tissue; 

2. To determine the regulatory mechanisms of these metabolic pathways; 

3. To study the interrelationships between the metabolism of substrate and the 
synthesis of byproducts such as phospholipids and possibly prostaglandins; 

k. To evaluate the effects of tobacco smoke upon the metabolism of the pulmonary 
parenchyma; 

5. To compare the metabolic processes of animal experiments with those of normal 
human pulmonary tissue. 
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B?"Brief jlolemenl of working hypothesis: 


2. 






c 


Smoking has been accused of being a major causative factor in pulmonary cancer as well 
as a serious aggravating factor in other pulmonary diseases. However, most of the 
evidence for and against these accusations has been inconclusive and in many Instances 
without good scientific basis. The purpose of this investigation Is to elucidate 
the normal metabolic processes of pulmonary tissue and their regulation. Without ! 
these data, it is impossible to evaluate the metabolism or transport of other agents 
In pulmonary tissue and their relationship to metabolic alterations and neoplastic 
pulmonary disease. After completing baseline studies of pulmonary metabolism, we 
propose to evaluate the effects of tobacco smoke and/or its various components and 
attempt to elucidate these effects at a cellular level. - :r •- 
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;9. Details of experimental design and procedures (append extra pages as necessary) 

j, * . • . . . ‘ 

' V ** ' 7 ’ ' - ' * S’--- % 

^A. Background. 

1. Work accomplished by other Investigators. 
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At the 1970 meeting concerning the morphology of experimental res pi ra 
carcinogenesis sponsored by the NCI and the AEC, it was pointed out that a 

y thorough understanding of the structural and functional components of the 
V respiratory tract is necessary before and meaningful exploration of the causes 
t.;-: of disease in this complex organ system can be undertaken. Biochemical and 

‘5;’ r i histochemical studies indicate that all major routes of carbohydrate metabolism 
iv - appear to operate in mammalian lungs. These include the presence of the 
; i§A' Embden-Meyerhof glycolytic pathway, the citric acid cycle, and the hexose 
*.C monophosphate shunt. Several investigators, including Felts (1,2) have'studied 
the utilization of lipids and their derivatives for synthetic purposes, but 
there Is little clearcut evidence and much controversy concerning the role of 
lipids as an energy source for the lung. Studies on rats have indicated that 
lung slices can oxidize fatty acids (2,3). However, mitochondrial preparations 
of rabbit lungs reportedly have limited ability to oxidize g-hydroxybutyrate or 
other fatty acids (k)-. Although it is controversial whether lipid substrates 
are an important energy source for the lung, pulmonary tissues of all animals 
have been found to incorporate fatty acids for lipid synthesis (5,6). Oxygen 
consumption in the lung appears to be principally by the cytochrome chain, 
but there is some evidence that a substantial amount is used by enzyme systems 
that are not inhibited in the presence of cyanide in the incubation medium (7). 
However, it must be pointed out that under most circumstances of tissue incubation 
obtaining a complete block of oxidative phosphorylation by any of the known • 

inhibitors can be difficult. Sorokin (8) has pointed out that pulmonary develop- 
ment can occur in vitro despite the presence of a high cyanide concentration in 2 

the medium; thus a noncytochrome-mediated oxygen metabolism might be involved in ^ 
bloxynthetic reactions. Dr. J. R. Vane (personal communication) of the Royal 
College of Surgeons points out that pulmonary tissue may have several functions 
besides that of transporting gases. He has shown that during perfusion of the 
lung with acetylcholine, bradykinin, 5-hydroxytryptamine and prostaglandins 
E], E2 and F 2a were apparently inactivated by pulmonary tissue, whereas other 

" ‘ "■ . v*':-r-i s . (cont i nued 
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vasoactive amines, such as angiotensin II, adrenalin, oxytocin, vasopressin 
and histamine were not affected by passage through the pulmonary circulation. 

In both in vivo and in vitro animal studies he has shown that anaphylaxis, 
shock, and even ventilation cause the release of prostaglandin from the lung, 
which strongly indicates a biosynthetic process. The relationship of these 
metabolic processes to blood gas transport and pH would be interesting and 
Important to elucidate. Recently, Holub (9), utilizing alveolar cells obtained 
from washings of rabbit lungs, demonstrated the possibility that these cells are 
Involved^ J n antibody formation. Some of these cells have also been shown to have 
phagocytic properties, which seem to be related to catalase-dependent 
peroxldative metabolism (10). \ 

Much of the recent investigation has been focused on cells derived from 
lavage of the lung, particularly the macrophage. It has been suggested that 
the macrophage has a controlling role in carcinogenesis (11). The exact origin 
of the alveolar macrophages remains controversial. Some investigators, including 
Sorokin (12), believe that they originate primarily from lung tissue, while 
others, such as Pinkett et al. (13), have presented evidence in support of a 
peripheral hemopoietic tissue origin. Studies done by Massaro et al. (\k) 
Indicate that the alveolar macrophage is capable of synthesfzing phospholipids 
and that glucose seems to be a source of energy for this process. 

We originally became interested in these problems after reading a paper . ~ 
by. Weber and Visscher (15), whose experiments showed that isolated, perfused 
lung produced a significant amount of lactic acid, even when the perfusate had 
a concentration of lactic acid greater than 100 mg/100 ml. These studies were 
done aerobically with excellent control of the perfusate, etc., and it was 
difficult to understand why an organ with the greatest access to oxygen of any 
In the body would need to produce lactic acid under aerobic conditions. 

Glaviano et al. (16) reported a significant pulmonary A-V difference of 
lactate, which appeared to increase with sympathetic stimulation. In 1958 
Bucherl et al. (17) studied the A-V difference of lactic acid In 27 patients 
during cardiac catheterization and found a significant Increase in lactic acid 
In the left atrial blood as compared to the pulmonary artery blood. 

Loehner and Nasseri (18) in studies of perfused lung demonstrated a lactic 
acid production of A.78 mg/min per gm wet weight of tissue. In 1966 
Salisbury-Murphy (19) utilized '^C-labeled glucose at both the C-l and C-6 
positions and noted a CO 2 ratio for l^c“V^C"° of 2.5 for lung slices. In 
1967 Wolfe et al . (20), utilizing isolated pneumocytes, found a C“l/C"° ratio 
of 7. Both of these studies indicate a large hexose monophosphate shunt. 
Histochemica1 studies by Tyler and Pearse (21) revealed an absence of succinic 
dehydrogenase in alveolar cells. However, in the more recent work of Wolfe 
et al. (20) this enzyme was thought to be present. Felts (2) used evenly 
labeled I^C-glucose with lung slices and observed that little 1^C02 was 
produced, nor was much radioactivity found in the total fatty acids. The 
radioactivity that could be detected was primarily in the phospholipid 
fraction. In recent unpublished experiments my colleague Dr. Aron Fisher 
ventilated dogs using a tracheal divider. One lung was respired with room 
air and the other with 100% nitrogen for a hour period. Subsequent electron 
microscopic studies of the lungs showed no alterations or differences between 
normoxlc and hypoxic pulmonary tissue. . , . ; 

' - ' - ■ .-.wv ^ 


© 

8 

Cl 

2 

ss 






Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 




- 2b 




Recent studies of lung mitochondria by Fisher et al. (personal communica¬ 
tion; 22) suggest that little oxidative phosphorylation occurs. They feel 
that the moderate amount of ATP produced is utilized during phospholipid 
synthesis under the control of calcium ion. 

All of the above data support our contention that the regulation, of meta¬ 
bolic processes of lung tissue is unusual. Of Interest and probable impor- , 
tance Is the question, why does the organ with the greatest access to oxygen 
have to depend primarily upon anaerobic mechanisms and produce lactate 
(which it apparently is incapable of metabolizing efficiently). There*are 
conflicting experiments with perfused lung ( 23 ), which, In contradistinction, 
showed no change or utilization of lactate in blood during passes through 
the lungs. Thus it appears that factors other than oxygen or substrate 
availability might control the oxidative metabolism of the lung. 

It Is of extreme interest, and perhaps of some importance, that many 
malignant tumors also have a high glycolytic capacity, as first described by 
Warburg. It is evident that the glycolysis is an important source of energy 
In cancer tissue, sufficient even for prolonged survival in the absence of 
oxygen. Thus, transplantable tumor may grow again after having been kept 
for three days in the absence of oxygen (24,25). This means that neoplastic 
tissues share with other tissues the capacity to obtain energy from two ' > _-‘ 
sources. The proportion of energy derived from glycolysis is very high in _ 
neoplastic tissue. The reasons for the excessive lactate production of 
neoplastic cells have only recently been elucidated. It is clear that 
ext rami tochondrial reduced pyridine nucleotides are not directly oxidized 
by the mitochondrial respiratory chain of animal cells. Lehnlnger (26) first 
observed that intact mitochondria isolated from liver were incapable of 
oxidizing added DPNM. Similar observations have been made with mitochondria 
of ascites tumor cells (27,28). The slow rate of penetration of pyridine 
nucleotides into liver mitochondria in the Intact animal (12,29) confirms the 
conclusion drawn from the in vitro studies. It is now clear that an indirect _ 
mechanism by a shuttle system is utilized for the introduction of extra 
mitochondrial reducing equivalents to the mitochondrial respiratory chain. 

The high aerobic glycolysis in tumor cells has been ascribed to the lack of 
such a shuttle system (28,30,31). Among these systems, the a-glycerophos- 
phate shuttle has been extensively studied, and a low activity of the 
cytosolic enzyme involved in this shuttle, the a-glycerophosphate dehydrogenase, 
has been, considered typical of tumors with high rates of aerobic glycolysis 
(32). Such a defect may also be present in normal lung tissue, and, if so, 
would make this tissue exciting to study and compare with biochemical mechanisms 
occurring with neoplastic alterations. There are, of course, many other 
biochemical characteristics which distinguish neoplastic tissue from other 
tissue (33). Together, they are responsible for uncontrolled growth, but 
from a quantitative point of view, no single characteristic is as striking 
as the aerobic glycolysis. 

2. Work accomplished by the appl icants. 








o , 
o ; 

CJ ■ 

mm 


a. Lactate production of lung. . . JvS 

In 1958 Bucherl et al. (17) studied the A-V difference of lactic acid Qp 
In 27 patients during cardiac catheterization and found a significant 
Increase In lactic acid in the left atrial blood compared with the 




pulmonary artery blood. We repeated this study and obtained similar 
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results (Wallace and Stein, unpublished data). 


Using standard Warburg techniques, we incubated rat lung slices in 
Krebs-Ringer's phosphate buffer at pH 7.4 with 0.1% glucose and observed 
lactic acid production under aerobic (room air) and anaerobic (100% 
nitrogen) conditions for 30, 60, 90, and 120 minutes. Oxygen uptake and 
lactic acid production were found to be linear. In a series of 18 
experiments the average oxygen uptake under aerobic conditions was 19.2 
Vl/mg of nitrogen per hour. The lactic acid production of the tissue 
Incubated with air was 37.5 yg/mg of nitrogen per hour, while that of the 
tissue incubated anaerobically was 41.3 yg/ml of nitrogen per hour, an 
Insignificant difference. 

In a series of pilot studies we repeated these experiments using 
cyanide as an electron transport inhibitor and again found that lactic 
acid production appeared equal under aerobic and anaerobic conditions. 
Because of the possibility that cyanide might interfere with the enzymatic 
determination of lactic acid through its interaction with pyridine 
nucleotides, we had attempted to remove the cyanide before conducting the 
analysis. Nevertheless, we felt that we would be on more secure ground 
If we used carbon monoxide. Therefore, we repeated these experiments 
under two conditions, using 1) 3% CO, 20% O 2 and 77% N 2 ; or 2) 100% GO, 
which was subsequently flushed out with the mixture of 3% CO, 20% 0 2 and 
77% N 2 . The oxygen concentration was checked with a Beckman oxygen meter. 
Control experiments with zero time Incubation, etc., were carried out. 

The average values for lactic acid production under aerobic and anaerobic 
conditions with nitrogen, air and carbon monoxide were similar. Glucose 
uptake in air averaged 144 yg/mg No/hr (15 experiments) and was similar 
with 100% CO (19 experiments). 

These findings leave little doubt In our minds that lactic acid pro¬ 
duction Is unaffected by the amount of oxygen available to the lung tissue. 
These preliminary data suggest that the major glucose pathway is not 
through the mitochondrial system. Another possibility is that the path¬ 
ways of lactic acid production differ under aerobic and' anaerobic 
conditions. Subsequent experiments will help to elucidate these problems. 


In another experiment we used 0.1% glucose and 0.1% sodium acetate in 
the incubation medium. The sodium acetate was uniformly labeled with' 14c. 

A slight increase in lactic acid production was observed under anaerobic 
conditions as compared to aerobic conditions. These reaction mixtures 
were fractionated by a method similar to that of Massaro et al. (14). It 
is interesting to note that under aerobic conditions the radioactivity 
from the acetate could be found in relatively large amounts In the protein 
fraction and to some extent in the lipid fraction, whereas anaerobically 
following an aerobic incubation, the Initial radioactivity seen in the 
lipid fraction seemed to decrease, possibly due to utilization of lipids 
as an energy source. Some of the radioactive C0 2 noted under these 
anaerobic conditions may have been due to decarboxylation. In an addl- 
tional series of experiments, I4c-labeled lactate was added as a substrate 
In the presence and absence of glucose aerobically and anaerobically. .. 

Almost no radioactivity could be found In either the produced C0 2 or any 
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of the tissue that was analyzed, nor was there any detectable loss of 
I^C-lactate from the incubation solution. The total lactate of the incu¬ 
bation medium increased during these experiments. 

These preliminary experiments clearly indicate that rat lung slices 
are incapable of utilizing lactate as a substrate, in fact, the amount 
of'lactate produced by the lung in the presence of excess lactate was 
unchanged . • >. . 

In another group of experiments, ^C-labeled octanoic acid bound to 
albumin (by the method of Millstein and Driscoll; 29} was employed as a 
metabolic substrate in the presence and absence of glucose anaerobically. 
No significant uptake of the fatty acid was detected, nor was radioactiv¬ 
ity found in the collected carbon dioxide, indicating that this fatty 
acid is not a major energy source under these experimental conditions. 
Further experiments with palmitate are contemplated. 

These data seem to indicate that the metabolic processes of pulmonary 
tissue are primarily an anaerobic process. The use of lung slices may be 
criticized, and our data are preliminary and incomplete and will require 
additional experiments to develop significant statistical data. However, 
they are supported by the recent studies of lung mitochondria by Fisher 
et al. (personal communication; 22 ) which suggest that little oxidative 
phosphorylation occurs. They feel that the moderate amount of ATP pro¬ 
duced is utilized during phospholipid synthesis under the control of 
calcium ion. 

b. Biochemistry of the tracheobronchial mucosa. 



% . 




C 


Many of the Investigations of the effects of smoking on the tracheo¬ 
bronchial tree have been studies of ciliary action. Although the tracheo¬ 
bronchial mucosa has been pointed out to be one of the prime targets of 
the effects of smoking, in a careful review of the literature we failed 
to uncover any definitive biochemical studies of the mucosa of the 
tracheobronchial tree. 

In an effort to obtain baseline values, we have performed preliminary 
studies on bovine tracheal and bronchial mucosa using standard Warburg 
techniques. In 85 experiments the average rate of oxygen uptake of cow 
tracheal mucosa was 30 * S.D. 8 yl ©£ per hour per 100 mg wet weight, and 
the bronchi showed a similar uptake. A piece of human trachea obtained 
during a medically-indicated tracheostomy under anesthesia revealed an 
oxygen uptake of 16 yl O 2 per hour per 100 mg wet weight. Two samples of 
human main 
results of 

was 14 yl O 2 per hour per 100 mg wet weight. Utilizing *^C — 1 -glucose, we 
also measured glucose consumption, CO 2 production and incorporation of 
radioactivity into lipids, protein and RNA. In six experiments glucose 
uptake averaged 4.9 yg per 100 mg wet weight per hour, with 41.5$ of the 
metabol ized glucose accounted for by CO 2 ., 29.6$ In inorganic lipids, 7 . 6 $ 

In RNA, and 21.3$ In protein. Two experiments with human bronchial . 
mucosa revealed a glucose uptake of 3 Mg per 100 mg of wet tissue per ' 

3$ 

'*• V‘fak■v-/. 

• •. c • 


bronchiial mucosa obtained from fresh surgical specimens gave ^ 
19 yl O 2 per hour per 100 mg wet weight. A piece of human lung 0 


hour, with 47$ accounted 
In inorganic lipids. Two 
glucose uptake of 40.5 yg 


for by CO 2 , 32$ in protein, 18$ in RNA, and 
pieces of normal human lung had an average 
per 100 mg wet weight per hour, with 67.8$ 


Crt. 

I 
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TABLE \i SUBSTRATE UTILIZATION 
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Labeled substrate as precursor/ 

' : d V: 

# 

Other 

Oxygen 

Total lactate 







,Z, C label 

substrate 

util!zatlon 

production 

CO? production 

• Lipid production 

Protein 

production 


(1 mg/ml) 

(yl /100 mg 

(ul/lOC 

i mg 

(ymol x 

10-3/100 

(ymol x 

10-3/100 

(ymol x 

10-3/100 , 

*. \ : : 



wet wt/hr) 

wet wt/hr) 

mg wet wt/hr) 

mg wet 

• wt/hr) 

mg wet wt/hr; . 


• 

, ft 

Aerobic Anaerobic 

Aerobic 

Anaerobic 

Aerobfc 

Anaerobic 

Aerobic 

Anaerobic 


None 

26*0.7 • 

32* 6 

62 * 4 

28 * 1 

0 

2 * 0.2 

0 . 6 * 0.1 ' 

4*0.2 

0 

• 


(107) 

( 12 ) 

( 12 ) 

( 12 ) 

( 12 ) 

• ( 12 ) 

( 12 ) 

( 12 ) 

( 12 ) ’ 

Glucose 

Lactate 

22*2 

80*11 

80*12 

27* 0.7 

6*2 

3*0.4 

0 

. 4*0.6 

0 ' V ; 



( 6 ) 

m 

( 20 ) 

(5) 

(5) 

( 6 ) 

( 6 ) 

( 6 ) 

( 6 ) 


Acetate 

35*1 

70* 0.3 • 

76 * 7 : 

32* 4 

4*1 ' 

4*0.3 

1 * 0.2 

2*0.3 

0 



( 12 ) 

( 6 ) 

(5) 

. (5) 

(5) * 

• ( 6 ) 

(5) 

( 6 ) 

( 6 ) 


None 

35*3 • 

6*17 


201*14 

0 

41*6 

0 • 

19*2 

. 0 

Lactate 


( 6 ) 

( 6 ) 


( 6 ) 

\ 

( 6 ) 

( 6 ) 

( 6 ) 

( 6 ) 

• 

Glucose 

.29*3 

94*21 

94*12 

124*26 

28*4 

. 5*1 

0 

18*2 

'0 



( 6 ) 

( 6 ) 

( 6 ) 

. (4) 

( 6 ) 

(5) * 

( 6 ) 

(5) 

( 6 ) 


None 

22*2 

3 * 0.8 

6 * 3 

73*14 

8 * 6 . 

2*0.5 

0 

9*3 . 

0 ' ■ 

Acetate 


( 6 ) 

( 6 ) 

(5) ' 

(5) 

(5) • 

( 6 ) 

( 6 ) 

( 6 ) 

( 6 ) 


Glucose 

36*3 

76 * 4 

85* 7 

61 * 8 

6*1 

3-0.3 

0 

6*2 

0 

> 


(5) 

(5) „ 

( 6 ) 

(5) 

(3) 

( 6 ) 

( 6 ) 

( 6 ) 

( 6 ) 


Values are mean * standard error of mean 
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accounted for by CO^, 25% in protein, 2.5% In RNA, and 4.3% in lipids. 

Wore data must be obtained to confirm these preliminary results before 
abnormal situations can be effectively Investigated. 
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B. Methods of procedure . 

The experiments In the early part of the investigation will be done first with 
rat lungs and then with dog lungs. The basic experiments, as we now conceive them, 
are described below. The experimental design and direction wi11 depend, however, on 
the results of preceding experiments. 

1. Confirmation of preliminary data and investigation of substrate utilization . 

Initially, we intend to elucidate and confirm our early findings (see 
"Background") by means of the standard Warburg manometric technique (1,2). Rat 
lung slices are cut free-hand by standard techniques and placed in 5-ml Warburg 
vessels with buffered physiologic solution at pH 7.^ and an osmolarity of 280 to 
300 at 37°C. The center well contains 0.7 ml of 20% potassium hydroxide for C0£ 
trapping with the filter paper In place to increase the area of absorption of CO 2 . 
Various radioactive and non radioactive substrates are added (see below), and 
Incubations are carried out for suitable time periods. Currently, we are using 
30, 60, 90, and 120 minutes. The reaction Is stopped with perchloric acid, and 
the indicated analyses are performed. The data are expressed per milligram: of 
nitrogen or wet weight. Nitrogen analysis will be performed by the standard 
micro Kjeldahl techniques (3). T'nd necessary control experiments will be run 
concurrently with liver. All anaerobic experiments will be carried out with 100% 
nitrogen. 

2. Evaluation of the glycerophosphate shuttle . 

" Because of the depressed activity of the a-glycerophosphate enzyme In the _ 

cytosol of neoplastic tissue, which impairs the shuttle system of cancer cells, 
we feel that an initial approach would be to see if the same sort of mechanism 
' was present in normal pulmonary tissue. Utilizing standard^ techniques, the 

cytosol of lung tissue will be collected and the a-glycerophosphate dehydrogenase 
activity will be measured fluorometrically (4). Utilizing tissue slices, and 
later isolated lung cells prepared by the method of Gould (5), the tissue levels 
of a-glycerophosphate and dlhydroxyacetone wi11 be evaluated utilizing fluoro- 
metric techniques (4). Although we are aware of the problems involved and the 
objections to the use of tissue homogenates, perhaps some of these experiments, 
for technical reasons, will be performed with this type of preparation. 


The sign 
ism between 
by experimen 
use of Inhib 
In order to 
shuttle mech 
al iquots of 
metabolic in 
the Inhibit! 


ificance of the a-glycerophosphate pathway as an NADH shuttle mechan- 
cytoplasmlc and mitochondrial spaces in lung cells will be studied 
tally manipulating the tissue level of a-glycerophosphate with the 
itors. First, amino-oxyacetate will be added to the perfusion.period 
inhibit the flux of reducing equivalents via the malate-aspartate 
anlsms (6). Lactate or glucose will be used as substrate, and • 
the perfusion fluid and freeze-clamped tissue will be analyzed for 
termediates by fluorometric methods (4). Analysis of the effect of ..j 
on on the rate of aerobic glycolysis and lactate oxidation will give 
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Information concerning the activity of the a-glycerophosphate shuttle (6). Lungs 
will also be perfused with lodoacetamide to inhibit the activity of glyceralde- 
hyde-3-phosphate dehydrogenase. Tissue levels of a-glycerophosphate and 
dihydroxyacetone phosphate will be measured to determine a-glycerophosphate 
shuttle activity. These experiments with inhibitors will also be done with 
glycerol and xylitol as substrates to determine if a-glycerophosphate can be pro¬ 
duced in lung tissue via glycerol kinase and via the hexomonophosphate shunt. 
Because a-glycerophosphate is thought to be a key intermediate in phospholipid 
production (7), knowledge of the potential metabolic sources of this compound is 
Important. If the glycerophosphate shuttle appears to be absent, an evaluation 
will be attempted of the malate-aspartate shuttle. 



3. Measurement of glucose uptake aerobically and anaerobically. 



For the measurement of glucose uptake, rat lung slices are incubated with 
uniformly labeled glucose under the appropriate condition in the Warburg appara¬ 
tus. At suitable time intervals the reaction is quenched with 7 % perchloric acid, 
and the change in glucose concentration is measured either by enzymatic techniques 
(8-10) or by the method used in I. A. Rose's laboratory using column chromatog¬ 
raphy. The neutralized solution is put on a Dowex-1 acetate column with some 
carrier glucose, lactate, etc. Because the glucose is uncharged, it will pass 
right through, while the Krebs cycle acids, phosphate esters, etc., will stick. 

The glucose therefore elutes In the region of the breakthrough peak. The acidic 
components are then eluted using an HC1 gradient, and by the use of cold carriers 
the fraction can be analyzed and counted. By this method we hope to be able to 
quantitate the distribution of the 1% and measure the glucose uptake. Lactic 
acid production will be measured by standard enzymatic techniques (11), and oxygen 
uti1ization and CO? production will be measured by standard manometric techniques 
( 1 ). 


r v „ - r ,. , 


k. Determination of the rate of production or utilization and the origin of 
lactic acid aerobically and anaerobically. 


It Is important to measure the rate as well as the origin of lactic acid pro¬ 
duction anaerobically and aerobically in the presence and absence of a substrate. 
For substrate we intend to use initially glucose, a carbohydrate, and a k% rat 
serum albumin containing bound palmitate or octanoic acid as a representative 
lipid. Oxygen utilization, CO 2 productipn, and lactic acid production will also 
be determined. Comparison of the C"l/C"° ratio of CO 2 production both anaerobi¬ 
cally and aerobically, utilizing C-l and C-6 labeled glucose permits an estimate 
to be made of the contribution of the pentose shunt. CO 2 rad ioact Ilvi ty wi 11 be 
measured along with oxygen utilization and lactic acid production. 


5. Determination! of the precursor origin of phospholipid. 


We have shown that lactic acid is produced In significant amounts. Our 
Initial experiments indicate that the lung can utilize none of this lactate as a 
substrate, but this must be confirmed by further investigation. Utilizing v.'t£ 
uniformly labeled l^C-acetate as the substrate both anaerobically and aerobically 
measurements of radioactive CO 2 , oxygen consumption and fractionation Into acid 
soluble fractions, lipids, proteins, RNA, DNA, etc., will be performed (12). 
Subsequent determination of radioactivity will indicate the distribution of sub-', 
strate byproducts. It is possible that the glucose and the palmitate moieties 
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give rise to different parts of the phospholipids made by the lung. Synthesis of 
phospholipids and surfactants appear to be important biosynthetic functions of 
the lung (13). The results of Felts (14) suggest the possibility that the 
from glucose tends to go predominantly into the glycerol fragment. This suggested 
compartmentalization between the carbohydrate and lipid utilization pathways 
might involve some very interesting regulatory aspects. Without "hard" numerical 
data, it is pointless to speculate on the possibilities. 

Double labeling experiments under aerobic and anaerobic conditions will be 
performed in which both glucose and acetate or fatty acid are labeled, -the former 
with 14c and the latter with tritium. Following quenching in the usual manner 
with perchloric acid and neutralization, the lipids will be extracted with 
acetone:ether:chloroform (2:2:1), and the lipid fraction will be counted for *4g 
and 3 h. 


Hydrolysis in boiling IM NaOh should lead to hydrolysis of the lipid into 
glycerol and fatty acid and inorganic phosphate (from phospholipid). Ether ex¬ 
traction under alkaline conditions will extract the glycerol and leave the fatty 
acid in the alkaline solution. Counting the glycerol for 3 h and radioactivity 
should indicate its origin. The alkaline solution is then acidified', rendering 
the fatty acids insoluble, and they can be extracted with chloroform and then 
counted for the double radioactivity. The residual acidified aqueous solution 
should be counted also as a check for incomplete extractions. Analysis of the 
distribution of label will indicate the origin of the various components of the 
lipid fraction. 

6 . Determination of the effects of C0 ? and 0 9 on substrate utilization: and 

biosynthesis . ~~~ 

Two groups of experiments are contemplated. The first deals with the utili¬ 
zation of approximately 5.6% CC >2 in the atmosphere during incubation, since this 
is the approximate concentration of CO 2 in the alveolar gas. It is of interest to 
investigate whether this elevated CO 2 is of any biosynthetic importance. In the 
second 1 group of experiments PC >2 will be regulated, utilizing concentrations such 
as 100%, 70%, 50%, and 30% oxygen in order to determine if the PO 2 has any 
regulatory effect on the substrate utilization. 


7. Evaluation of isolated mitochondrial regulation . 

Because of the regulatory importance of the Krebs cycle enzymes and Inter¬ 
mediates, we plan early investigations in this area, which will aid in the inter¬ 
pretation of the data of other experiments. The special enzymatic mechanisms by 
which the Krebs cycle intermediates can be regulated and replenished are called 
anaperotic reactions. Recent research has shown that the pyruvate dehydrogenase 
systemi is also inhibited by ATP, which is therefore a negative modulator. When¬ 
ever the ATP level in the cell! exceeds a certain point, the pyruvate dehydrogenase 
system., which provides fuel for the tricarboxylic acid cycle, "turns off." In 
addition, it has been shown that the NAD-1 inked isocitrate dehydrogenase is the 
normal catalyst for isocitrate oxidation in the tricarboxylic cycle; the NA0P- 
1 inked enzyme is primarily concerned with auxiliary biosynthetic reactions of the 

cyc,e (3 ' l6) - 1003540165 


Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 



1 


- 2j - 


In a series of experiments, mitochondria of rat or rabbit lungs will be har¬ 
vested by techniques of differential centrifugation.- Oxygen uptake with various 
substrates, particularly fatty acids as substrates (palmitate) will be measured 
with a polargraph. Utilization of these substrates will be determined, and the 
effects of metabolic inhibitors will be studied. Either glycolysis or fatty acid 
oxidation may be responsible for providing the CoA for these mitochondria. The 
fact that lactate is noted to increase in quantity would Indicate the probability 
that pyruvate is not the prime source of CoA. The energy produced can be utilized 
either for ATP production or for ion transport. Measurements of ATP, ATPase and 
Ion transport (particularly Ca++) will be performed uti1izing the procedures 
outlined by Mela and Chance (1.6), If palmitate appears to be an important sub¬ 
strate, the possible requirement of carnitine will be investigated. We will com¬ 
pare the in vitro results with those obtained in the study of other tissues, in¬ 
cluding liver, and their mitochondria. This information will enable us to 
characterize oxygen and substrate characteristics of the lung. The basic tech¬ 
niques have been well utilized In the study of liver by J. R. Williamson of this 
institution. We plan to use his techniques of fluorometric assay, which are des¬ 
cribed in his numerous papers and summarized in Methods of Enzymology (h). From 
his experiments Dr. Williamson was able to define certain regulatory mechanisms 
involved in liver synthesis and metabolism, and the utilization of these tech¬ 
niques should lead to very useful information regarding pulmonary metabolism. 

These techniques will allow for the evaluation of Acetyl CoA as well as pyridine 
nucleotide oxidation^reduction ratios, which will enable us to evaluate the total 
energy potential of the system. Such information should enable us to procede to 
a more detailed investigation of individual reactions. 

8 . Isolated, perfused lung preparation. 


Perfused whole lungs appear to be superior to tissue slices for the study of 
lung metabolism (17). Lungs will be removed from fasted rabbits, ventilated by 
a piston pump with gas containing 5% C0 2 in air, and perfused in a pulsatile manner 
via the pulmonary artery and veins with Krebs bicarbonate buffer solution: contain¬ 
ing 6% serum albumin. A closed system with a venous reservoir will be used for 
the perfusion. The lungs will be weighed, and the total volume of the perfusate 
will be measured by dilution of Evans Blue. The preparation will be immersed in 
Krebs solution equilibrated with CO 2 in air. Various substrates will be investi¬ 
gated, including glucose, lactate, amino acids, and selected fatty acids. Ali¬ 
quots of the perfusion mixture will be taken at 30-minute intervals and analyzed 
for glucose, lactate, and pyruvate. Biopsies of the lung will be taken by rapid 
freezing between tongs precooled in liquid N 2 , and the tissue will be analyzed by 
fluorometric methods (k) for pyruvate/lactate, a-glycerophosphate/dihydroxyacetone 
phosphate, B-OH butyrate/acetoacetate and NADH/NAD levels to determine redox state 
(18) and ATP will be measured to evaluate energy supply. Similar experiments 
will be performed with the addition of lactate instead of glucose to the perfusate. 
In some experiments, i^C-1 or I^C-6 labeled glucose will be added to the perfusion 
medium; 1^C0 2 will 1 be recovered by passing the expired air through a C0 2 absorber, 
and the trapped radioactiv?ty wi IT be measured by scintillation counting. The 
ratio between C0 2 produced from C] and Cg labeled glucose will be used as an index 
of hexosemonophosphate shunt activity. 1003540166 


The significance of the a-glycerophosphate pathway as an NADH shuttle mechanism 
between cytoplasmic and mitochondrial spaces in lung cells will be studied by 
experimentally manipulating the tissue level of a-glycerophosphate, as described 
in section 2. 
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We will also use the isolated, perfused lung to study pathways of free fatty 
acid metabolism. As noted previously, there is considerable discrepancy in the 
literature about the ability of lung to oxidize fatty acids. l**C-labeled palmi- 
tate and octanoate bound to albumin (19) will be added to the perfusion mixture, 
and the l^CC^ evolved will be measured. The rate of change of free fatty acids 
In the perfusate will be measured spectrophotometrically (20). Further studies 
will depend on these initial results. For example, if palmitate oxidation is 
Impaired, a palmltylcarnitine transferase inhibitor, (+) decanoylcarnitine, will 
be added to test for the requirement of carnitine for palmitate oxidation (21), 
and carnitine tissue levels will be measured. 

We will further study oxidative metabolism of the lung by applying the tech¬ 
nique of surface f1uorometry, using a spinning disc fluorometer (22). For these 
experiments, the lungs will be insufflated with air or oxygen, and ventilation: 
will be suspended. The fluorescence probe will be applied to the lung surface 
while perfusion continues. We will follow the fluorescence changes as the perfu¬ 
sion medium is altered with respect to substrate concentration and^ composition, 
and this will be compared to fluorescence changes produced by ventilating the lung 
with N£. With this technique we can simultaneously monitor fluorescence changes 
due to pyridine nucleotides and, with an absorption channel, measure changes due 
to flavoproteins. In this way we can pick up the respiratory chain at several 
sites to determine the effect of substrate in a physiological setting on Intra¬ 
cellular redox state. 

9. Comparison of animal data with human data . 

After we have acquired an adequate amount of information about the pathways 
and regulation of metabolism from our animal studies, we will carry out comparative 
Investigations of normal human pulmonary tissue. Tissues will be obtained from 
operative specimens taken from patients undergoing surgical procedures for known 
medical indications. 


10 . Individual ceil components . 

At future stages In this project, such cells of the pulmonary parenchyma as 
can be isolated by standard techniques, such as alveolar macrophages, will be 
individually investigated for their role in the overall metabolic processes, which 
we will understand better at that time. 

1003540167 

11. Biosynthetic pathways. 


In future stages of the program, studies of biosynthetic pathways and their 
regulation wi11 be carried out for surface-active substances and vasoactive sub¬ 
stances (including prostaglandin) which appear to be either synthesized or de- 
gradated by the lung. Techniques described above with both isolated, perfused lung 
and lung slices will be utilized. Confirmatory in vivo experiments will be carried 
out when feasible. 


12. Evaluation of the effects of smoke upon pulmonary metabolism . ' v • 

Utilizing techniques similar to those described above, the effects upon normal 
pulmonary metabolism of tobacco smoke will be determined. In one group of 
experiments in vitro evaluation will be determined In closed vessels containing 
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either smoke or some of Its components. In In vivo experiments animals will 
be placed In plexiglass chambers in which the atmospheric conditions of O 2 
and CO 2 and the percent of smoke can be controlled. The exposure time will 
vary from short-term (a few hours or days) to long-term (one to four weeks). 
Physiologic measurements of pulmonary function will be carried out where feasible. 
At the.end of this period the animals will be sacrificed, and either lung slices 
or perfusion techniques will be utilized for the evaluation of metabolism. In 
particular, we plan to investigate the Ca++ and Mn++ transport of mitochondria. 
These ions have been shown to be affected by local anesthetics (23). It is to 
be noted that in this investigation no attempt will be made to design rfew methods 
of Instrumentation or technology. We will use well-established experimental 
techniques in an effort to gain new information and insights into pulmonary 
metabolism. 


References: 


1. 

2 . 
•—3. 

V »; . • 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 
11 . 
12 . 

13. 

14 . 

15. 

16 . 

17. 

18 . 

19. 

20 . 
21 . 
22 . 
23. 


Umbreit, W.W., Burris, R.H., and Stauffer, J.S. Manometric Technique. Burgess, 
Minneapolis, 1964. 

Kleinzeller, A. Manometrische Methoden. Verlag, Prague, 1964. . 

Henry, R.J. Clinical ChemisTry: Principles and Technics . Hoeber Medical Division, 
Harper and Row, New Vork, 1967. 

Williamson, J.R., and Corkey, B.E. In, Methods in Enzymology, Vol. 13, J.M. 

Lowenstein, ed. Academic Press, New York, 1969, p. 434. 

Gould, K.G., Jr., et al. Science 178:1209, 1972. 

Safer, B., Smith, C.M., and Williamson, J.R. J. Mol. Cell. Cardiol. 2:111, 1971. 
Felts, J.M. Health Phys. 10:973, 1964. 

Schmidt, F.H. Klin. Wochschr.. 39:1244, 1961. 

Hill, J.D., and Kessler, E. J. Lab. Clin. Med. 57:970, 1961. 

Bergmeyer, H.U. Methods of Enzymatic Analyses. Academic Press, New York, 1964. 
Boehrmger and Sons, Analytical Kits. 

Fleck, A., and Munro, H.N. Biochim. Biophys. Acta 55:571, 1962. 

Said, S., Klein, R.M., Norrell, L.W., and Maddox, Y.T. Science 152:657, 1966. 

Felts, J.M. Med. Thorac. 22:89, 1965. 

Atkinson, D.E. Ann. Rev. Biochem. 35:85, 1966. 

Mela, L., and Chance, B. Biochemistry 7:4059, 1968. 

O'Neill, J.J., and Tierney, D.F. Fed. Proc. 30:697, 1971. 

Veech, R.L., Eggleston, L.V., and Krebs, H.A. Biochem. J. 115:609, 1969. 

Milstein, S.W., and Driscoll, L.H. J. Biol. Chem. 234:19, 1959. 

Novak, M. J. Lipid Res. 6:431, 1965. 

Nasr, K., and Heinmann, H.0. Amer. J. Physiol. 208:118, 1965. 

Scholz, R., et al. J. Biol. Chem. 244:2317, 1969. 

Mela, L. Arch. Biochem. Biophys. 123:286, 1968. 


C 


'-j.-* y •' 




Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 


89TO&SC00T 






>i—n ■! H 111 ^ ii j| .. |i rjij ij-ff-i rnm.iu'iiy^ 




i 


. V ' : "' : : • •:::■. r$«* i- A;' : j 

10. Space and facilities avoiloble (when elsewhere than item 2 indicates, state location): : ’ '/t'*#'#?'. „| 

The research facilities of the Department of Surgery and the Department of 
’Physiology of the University of Pennsylvania School of Medicine will be available 
for these studies. (The principal investigator has a joint appointment in these 
-^departments.) There are animal laboratory facilities at both the Graduate Hospital 
F’i and the Harrison Department of Surgical Research of the University of Pennsylvania. ; ' 
“The major pieces of equipment needed for radioisotopic determinations and biochem¬ 
ical determinations are available to us. If needed In the future, larger animals 
and animals of other species are readily obtainable through the facilities of the 
School of Veterinary Medicine of the University of Pennsylvania. In addition, Dr. 

Leena Mela, a disciple of Dr. Britton Chance, has made her laboratory facilities 
available for collaborative studies. 




11. Additional facilities required: 


None 



F 


1 

I 


> 

12, Biographical sketches of investigator(s) and other professional personnel (append)t 

Herbert W. Wallace, M.D. Leena M. Mela, M.D. 

T. Peter Stein, Ph.D. Ellen M. Liquor!', M.S. 

13. Publications: (five most recent and pertinent of investigator(s); append list, and provide reprints if available). 

Attached. 


© 

© 

CJ 

C/I 

© 

© 
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First year budget: 


" A. Salaries (give names or state "to be recruited") 
Professional (give % time of investigator(s) 

" •- j even if no salary requested) 


% time 

/ Herbert W. Wallace, M.0. 

Principal 

40% 


Investigator 


T. Peter Stein, Ph.D. 

Biochemist 

50% 

Leena M. Mela, H.D. 

Consultant 

5% 


Amount 


$18,075 

9,038 

0 


Technical 

El lea M. Liquori, M.S. 


Research 
Technician 


12,075 


B. Consumable supplies (by major categories) 
Rats 

Rat care $0.04/day 

Chemicals, glassware, tubing 
Radioisotopes 


C. Other expenses (itemize) 


Travel (domestic) 
Publicat ions 


$1 ,200 
200 

2,500 

. 2,000 


Sub-Total for A 


Sub-Total for B 


39.188 


5,900 


D, Permanent equipment (itemize) 

Fluorometer 

Recorder 


Justification: A fluorometer and 
a recorder are not available to us 
and will have to be purchased and 
modified for the purposes described 
In this proposal. 

E. Indirect costs (15% of A-KB+C) A - . . 


Sub-Total for C 
Running Total of A + B + C 


6,000 
1 ,200 


Sub-Total for D 
E * 


1 .000 

46.088 


7.200 
6.913 
$ 60,201 


“ 5* annual increase Ttota | requesf $ bO.ZO I_ 

15. Estimated future requirements: **Upkeep & repair of equipment 

***Includes cost of buying, boarding and operating on dcqs as wel,J as_rats , , 

Salaries * Consumable Suppf. ^-.'.-Other Expenses Permanent Equip. :'c* Indirect Costs Total 


Year 2 **1,147 7,500 1 .000_500_] 


Year 3 43,204 _ 7,500 _ 1 ,000 _500_ 7 r 756 _ 59.9 

Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 
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16. Other sources of financial support: NONE 

List financial support from all sources, including own institution; for this and related research projects. 


Title of Project 


CURRENTLY ACTIVE 
Source 

(give grant numbers) 


Inclusive 

Dates 



Title of Project 


PENDING OR PLANNED NONE 
Source 

(give grant numbers), 


Inclusive 

Dates 



h is understood that the investigator and institutional 
officers in applying for a grant have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made." 


Principal investigator 

Typed Name Herbert W„ Wal lace _ 

SignatureDate 1/25/Z4_ 


Area Coda Nlimber E*ten»ion 


Checks payable to 


Responsible officer of institution 
Typed Name_ 


Mailing address for checks 


r (Signature . 
^\lelephone 




Ar«a Cod« Number 


1 , /,:»>« <n>, , ■.. 

• *::• 

■ ."■* ... '. t 

' -•! t.W; 




'r 

.!.) IV f, c 


f*?: -V I • 
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Tiik Council Fob Tobacco Rkseahcii-U.S.A., Inc. 


O 

February 6, 1974 

Grant application No. 958 
CHRONIC PUIMONARY DISEASE ' 


To: The committee comprising Drs. Gardner, Liebow and Wyatt 

Subject: D. Robert Webb, M.D., Virginia Mason Research Center, Seattle 
New application No. 958 

"Proteolysis in Chronic Obstructive Lung Disease" 




History 

This proposal was case #249. As the Executive Committee requested 
additional information, the best course seemed to be to allow a full appli¬ 
cation . 


Request 


Application #958 requests $27,372 plus two additional years. 


Documents Submitted (attached) 

1. Application dated January 7, 1974 (5 pages plus inserts). 

2. Biographical sketches and bibliographies of Drs, Webb, 
Carroll and Morgan. 


Comment 


This proposal appears to be essentially a duplicate of one 
pending with the National Heart and Lung Institute. 


FWN:gh 

Ends. 



C 
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The Council For Tobacco Research—U.S. A., Inc. 


110 EAST 59th STREET 
NEW YORK. N. Y. 10022 
(212) 421-8885 


M 2 9 1974 



Application for Research Grant 
(Use extra pages as needed) 



Dote: j an • 


t 



7 


1974 


1. Principal:Investigator (give title and degrees): 

Dean Robert Webb, Jr., M.D., Associate Physician, The Mason Clinic 
Co-Investigators: 

Carrol J. Martin, M.D., 

Edward H. Morgan, M.D. Chief, Section of Respiratory Diseases, Dept. 

2. Institution &addtess: of Internal Medicine, The Mason Clinic 

Virginia Mason Research Center 
1000 Seneca Street 
Seattle, Washington 98101 


3. Department(s) where research will be done or collaboration provided: 

Department of Medicine, Virginia Mason Medical Center 
Seattle, Washington 98101 


4 . Short title of study: 

Proteolysis in Chronic Obstructive Lung Disease 


5. Proposed starting date: July 1, 1974 

6 . Estimated time to complete: Three years 



7. Brief description of specific research aims: The Overall Objective Of this project is tO 
study the etiologic importance of protease-antiprotease balance in¬ 
patients with chronic obstructive lung disease (COLD). Data reviewed 
in the appendix suggest this balance may be important in both human 
disease and in experimental models. Documentation of the importance 
of proteases and their control would open new avenues for the early 
detection, prevention, and perhaps therapy in patients with this 
clinical picture. 


Three years are planned for this overall project. The natural history 
and pulmonary function of patients to be studied are being sequential¬ 
ly evaluated in another ongoing study. The specific aims for the 
first year are detailed below and include development of methods and 
the accomplishment of a small pilot study. The main study involving 
five groups of 20 patients each is planned for the second year. The 
patient groups to be studied are: I - normal controls, II - severe 
COLD, III - early COLD, IV - Chronic bronchitis, and V - bronchial 
asthma. After analyzing results from the main study in the third 
yearf n additional restricted study will be performed on new patients 
to further document the validity of those findings. 


Specific aims for the first year are as follows: (1) Study serum, 
secretions and leukocytes from 10 patients with carefully documented, 
severe COLD and ten control patients for differences in proteolytic 
capacity and anti-proteolytic activity. (2) Finish method development 





Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 



( 


1-A 


to accurately quantitate alpha.^ antitrypsin, immunoglobulin A, 
free secretory component, lactoferrin, and lysozyme in sputum and 
saliva. (3) Develop norms for the enzymatic potential of poly¬ 
morphonuclear leukocytes in normals and COLD patients. (4) Use 
information gained from the initial pilot study to finish planning 
details of the main study. 



C 


C 
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. 8. Brief statement of working hypothesis: 

Many data both in humans and experimental animals are consistent with 
the hypothesis that emphysema, which presents clinically as COLD, re¬ 
sults from uncontrolled proteolysis in the lung. 

In this hypothesis the normal millieu, with proteases appropriately con¬ 
trolled by protease inhibitors, does not result in disease. However, 
either deficiency of inhibitors (in alpha, antitrypsin deficiency, for 
" example) or excessive protease (probably present in chronic bronchitis) 

• may destroy this balance and result in lung destruction. The rationale 
of this study is to measure several variables which might lead to in¬ 
creased protease activity and/or decreased inhibitor activity in patients 
with COLD and control patients without disease. The goal is documenting 
whether protease-antiprotease balance is altered in patients with COLD. 

A population has been selected for study which is being comprehensively 
evaluated sequentially, thus insuring that all aspects of history and 
physiologic studies will be at hand to document any lung disease present 
without significant cost to this project. Many of the proposed studies 
on serum and secretions are already being performed so their issue in 
this study is relatively assured. 


9. Details of experimental design and procedures (append extra pages as necessary) 

Definitions : For the purpose of this study chronic obstructive lung 

disease (COLD) will mean a syndrome characterized by obstruction on 
forced expiration which is not responsive to bronchodilators. These 
patients may be symptomatic with cough, dyspnea, and sputum, or asympto¬ 
matic. Patients with atopic history of episodic bronchospasm in early 
life, eczema, hay fever, or recurrent urticaria will be excluded from 
this category. Chronic bronchitis will be defined consistent with the 
British Medical Research Council criteria as history of chronic sputum 
production for at least three months in the last two successive years. 
Bronchial asthma is defined’ for this study as recurrent episodic broncho¬ 
spasm in a patient with normal pulmonary function after bronchodilator 
therapy and with two of the following four criteria for the atopic state 
positive skin tests to common antigens, a family history of atopy, a 
personal history of eczema, and a history of seasonal allergic rhinitis. . 


Patient Population and its Selection . The patients used for this study 
will come from a larger study of the psychological aspects of COLD 1 sup¬ 
ported 1 by the National Heart and Lung Institute under the Pulmonary 
Specialized Centers of Research Program (HL 14152 M2). These patients 
have the results of a detailed history, physical examination and physio¬ 
logic evaluations stored for easy retrieval by computer. Pulmonary 
functional studies include lung volumes, forced expiratory spirograms 
before and after bronchodilators, maximal voluntary ventilation, nitrogen 
washout studies, membrane permeance by carbon monoxide steady state 
technique, arterial blood gases at rest and during exercise, dynamic and 
static compliance, closing volumes and oscillometric pulmonary resistance 
These patients are being followed on'a yearly basis with the array of 
physiologic studies above. As of September 1973, 250 patients have been 
entered into the study and have had initial evaluation; 75 patients have 
had follow-up physiologic evaluation one year after entry. 


t 


Selection of patients for each of two groups in the pilot study and five 
groups in the main study will be by perusal of the results of the P-SCOR 
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9. Procedures continued. d). •> . 
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evaluations. All patients will be between 45 and 75 years old and have 
alpha, antitrypsin phenotype MM by acid starch gel electrophoresis. 
Qualifications for each group are listed below. 


Group 1 . Normal Controls - No history of chronic respiratory symptoms. 
Normal 'pulmonary function within accepted norms used at this institu¬ 
tion. 


Group II. Advanced COLD - History of chronic pulmonary symptoms. 
Physiologic screening studies will show both peak expiratory flow 
rate (PEFR) and maximal voluntary ventilation (MW) less than 40 
percent of predicted. The mean 1 second forced expiratory volume 
(FEV^) in this group is 39 percent of the total FEV. 

Group III. Early but definite COLD - Pulmonary symptoms may or may 
not be present. Screening PEFR and MW are between 70 and 85 percent 
of predicted. The mean FEV^ for the group is 65 percent of total FEV. 

Group IV . Chronic Bronchitis - Essentially these patients have 
chronic sputum production and normal pulmonary function as described 
in Definitions. 

Group V . Bronchial Asthma - This group is described in Definitions. 

As described below under Potential Problems (Appendix), they serve 
as a source of sputum from patients with essentially no destructive 
lung disease. This sputum will probably not be available from normal 
controls. 

Three separate phases are necessary to accomplish the goals of this re¬ 
search proposal. Each phase can be conveniently regarded as taking one 
year. Phase I entails final development of methodology for various 
measurements and performance at the pilot study using ten patients with 
advanced COLD and 10 control patients. Phase II will be the main study 
of 100 patients to be evaluated during the second year in the groupings 
listed above. Phase III involves the final analysis of data from the 
main study and the accomplishment of a smaller restricted study to fur- 
there document validity of results of the main study. Further details 
of these three phases can be seen in the Appendix under Tentative Work 
Schedule. 

Grouping of patients in the main study (second year) for comparisons of 
blood and secretion studies is shown diagramatically in the Flow Sheet 
below. In the initial year only control and severe COLD patients will 
be studied. 

PATIENT FLOW SHEET FOR PROTEOLYSIS STUDY 


P-SCOR Patients 


3 


P-SCOR pulmonary 


history and function data 


Normal controls 


Protein and’ enzyme studies on’blood and secretions 
Compare results among five groups 


Advanced COLD Early COLD Bronchitis j J Asthma] 
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9. Procedures, continued. (2) 


Historical and Physiologic Data . Selected data will be extracted 
from the P-SCOR study for correlations with results of studies on blood 
and secretions done for this project. Historical points to be recorded 
will include age, sex, smoking history, sputum production, exercise 
tolerance, duration of symptoms, and history of atopy. Physiologic 
results extracted will include lung volumes, FEV./FEV, maximal voluntary 
ventilation, membrane permeance, closing volumes, airway resistance, and 
compliance. The above data will be placed on computer cards for later 
analysis and correlation. 

Stu dies on Blood and Secretions . Informed consent (see Appendix pg. 

A-12 ) will be obtained on each patient for obtaining a 40 cc blood 
sample, and for retaining a sample of sputum and saliva. These are the 
only studies that will be done on participants and follow-up evaluation 
for this project is not presently planned. 

Collection and Storage of Samples . Each patient seen in the P-SCOR 
study will donate a sputum sample of 30 cc volume at the time of the 
physiologic studies. The 40 cc blood sample will be obtained at the 
time of physiologic studies also and the 30 cc saliva sample will be 
obtained from the large quantity usually stimulated at the time of the 
esophageal baLoon studies of compliance. The leukocytes will be separated 
from blood as described below and frozen in several aliquots with the 
sputum and : saliva samples at -70° centigrade for further analyses so 
each sample will have to be subjected to only one freeze-thaw cycle. 

Blood studies will include those on leukocyte lysosomes and on serum. 
Lysosomes will be initially harvested by two methods: first, the method 
of Chodiker, Bock, and Vaughn37* will be used to obtain lysosomes for 
chemical analysis of elastase-like esterase and neutral protease acti¬ 
vity. Elastase-like esterase in the lysozomal fraction will be assayed 
by its action on synthetic substrates considered specific for elastase 
(tertiary butzyloxy-carbonyl 1-alanine p-nitrophenol and/or N-acetyl-1- - 
alanyl-l-alanyl-l-alanine methyl ester) as described by Janofr . Neutral 
.protease will be measured in the lysozomal fraction by the method of 
Porter and Cebra.39 Secondly, Dr. Inge Olsson of Lund, Sweden has agreed 
to collaborate in the study with specific immunological measurements of 
lysozomal proteases in his laboratories in bund. He has isolated the two 
major proteases from polymorphonuclear leukocytes with great nurity^O and 
thus can measure these concentrations using immunologic means. One pro¬ 
tein is an elastase and is inhibited by alpha^ antitrypsin. The other 
is a collagenase-like material and is inhibited by alpha?macroglobulin. 

His measurements will be from lysozomal enzymes extracted from granulo¬ 
cytes after a Ficoll-Hypaque separation. 

Serum studies will include quantitation of immunoglobulins by radial 
immunodiffusion and alpha^ antitrypsin quantitation by electroimmuno¬ 
diffusion using a modification of the method of Laurell.^l* Acid starch 

♦References are located in the Appendix after Background Material. . 
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9. continued (3) 


gel electrophoresis with subsequent crossed electrophoresis as des¬ 
cribed by Fagerhol will be done to obtain AAT phenotype on each serum. 
Patients with other phenotypes than MM will be excluded to rule out AAT 
deficiency as a cause of COLD. 

Sputum will be cultured for bacteria and a differential cell count will 
be made.. AAT, Sec IgA, Secretory Piece, Lactoferrin, and Lysozyme will 
be quantitated by methods developed or under development in this laboratory 
based on the basic methods described independently by Laurell, 0 and 
Merrill, Harley and Claman. Attempts will be made to assay elasto- 

lytic and proteolytic activity of sputum directly by a modification of 
the methods described above under studies on the leukocytes. Specific 
enzymatic activity and specific protein quantitation' will be evaluated 
in comparison to total protein concentration, dry weight, and to volume 
of an immediately preceding 24-hour sputum sample. 

Saliva will have the same protein quantitations as sputum. This pro¬ 
cedure is done with attention to the possible screening use of saliva 
as a much easier sample to obtain than sputum in most patients. 

Analysis and Interpretation of the Data . A large number of individual 
observations will make analysis difficult and multivariate analysis will 
probably be necessary. Initial simple comparisons of the means between 
groups for each quantitation described above in blood and secretion studies 
will be made. Biostatistical help will be available for multivariate 
analyses. A major use of the initial pilot study will be used to provide 
experience with which to plan the data collection and 1 analysis of the 
main study in more detail. .A Raytheon 704 computer is used for P-SCOR 
data and is available to this study. The importance of early continuing 
interaction with biostatistical specialists is recognized and planned. 
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10. Space and facilities available (when elsewhere than item 2 indicates, state location): 


The Virginia Mason Research Center is an independent research facility 

JT with laboratories, administrative staff, experimental surgery suite, and 

^ animal facilities to support multidisciplinary research. Active studies 
are currently underway in various aspects of respiratory disease including 
mechanisms of pulmonary fibrosis, physiologic studies of obstructive lung 
disease in both animals and man, collagen and elastin studies in obstruc¬ 
tive disease, cell culture studies of various cell populations of the 
lung, laryngeal pathology, and physiologic changes caused by hyperbaric 
conditions. 

Clinical resources are those of The Mason Clinic, a multi-specialty group 
practice of 85 physicians. Four Chest medicine and two Allergy specialists 
see large numbers of patients with COLD. Various clinical and research 
conferences in pulmonary disease and an active postgraduate training pro¬ 
gram promote interest in new developments in pulmonary disease. This 
interest in turn engenders excellent cooperation among staff members for 
research studies. 

All equipment needed for the present is available except for a refrigerator- 
freezer which will be needed for storage of samples, and an electrophoresis 
power source. Other equipment available includes equipment for protein 
studies, electron and immunofluorescent microscopy, and a fairly complete 
cell culture laboratory. Equipment available and specifically needed for 
this study include tissue homogenizer, sonicator, agarose and starch gel 
electrophoresis apparatus, drying oven, and a high-speed centrifuge. 

14.—Additienol-foeihties-reetuireeh 

C To summarize, the Virginia Mason Medical Center has ideal facilities with 
which to support the planned research project. Particular emphasis on 
pulmonary disease is present in both the clinical and research areas which 
gives a "critical mass" of interest and constructive criticism. Labora¬ 
tory space and major equipment needed for this study is all on hand. 

11. Additional facilities required: None 


C 

12. Biographical sketches of investigator(s) and other professional personnel (append): 


h* 

O 

O 

CJ 

CA 



13. Publications: (five most recent and pertinent of investigator(s); append list* and provide reprints if available). 
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14. First year budget: 

A. Salaries (give names or state "to be recruited") 
Professional (give % time of investigator(s) 

, even ^ no salary requested) 

D. Robert Webb, M.D. 
fringe 

.C. J. Martin, M. D. 

Edward H. Morgan, M.D. 





% time 

Amount 

20% 

$6,000 


1,200 

5% 

-0- 

5% 

-0- 


Technical 

Dick Chen 
fringe 

Secretary (to be recruited) 
fringe 


100 % 

25% 


$ 8,000 

1,040 

1,750 

228 


Sub-Total for A $18 ' 218 


B. Consumable supplies (by major categories) 

Buchler Model #3-1155 Power Supply 685 

S-8223 Vortex Genie Mixer (SCI prod) 65 

4812 Cole Parmier Magnetic Stirrer & Hot Plate 114 

Glassware 1,000 

Antibodies 500 

Chemicals 800 

Clerical Supplies, Copying, etc. , 200 

Sub-Total for B _ 

$ 3,364 

C. Other expenses (itemize) 

Data Processing 300 

Biostatistical Consultation 500 

1 National Trip 500 

Blood Counts & Sputum Analysis 20 Pts. 300 

Air Freight (3 trips, Copenhagen @$28+ ea) 85 

Sub-Total for C _$ 1,685- 


Running Total of A + B + C $23,267 

D. Permanent equipment (itemize) 

Silver King 7 Cu Ft. Refrigerator 300 

Silver King 7 Cu Ft. Freezer 315 




E. Indirect costs (15% of A+B+C) 


15. Estimated future requirements: 


Sub-Total for D _$_ 615 

E 3.490.05 

Total request $ 27,372.05 



Salaries 

Consumable Suppl. 

Other Expenses Permanent Equip. 

Indirect Costs 

Total 

Year 2 

23,990 

3,000 

3,000 

4,498 

34,488 

Year 3 

20,277 

1,000 

1,800 

3,461 

26,538 
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16. Other source* of financial support: 

Ust financial support from all sources, including own institution, for this and related research projects. 

CURRENTLY ACTIVE 


Title of Project 

Source 

(give grant numbers) 

Amount 

Inclusive 

Doles 

Protein Abnormali¬ 
ties in Obstructiv 
Lung Disease 

#172 

2 Virginia Mason Re¬ 
search Center 

$9,814. 

Nov 1,1972 - 
Jan. 31, 1974 

Protein Abnormali¬ 
ties in Obstructiv 
Lung Disease 

#172 

| Virginia Mason Re¬ 
search Center 

$9,203 

Feb. 1, 1974 - 
Jan. 31, 1975 

Title of Project 

- 

PENDING OR PLANNED 

Source 

(give grant numbers) 

I 

Amount 

Inclusive 

Dotes 

Proteolysis in 

COLD 

National Institutes of 

Health (NHLI 

♦ 

j 

[75,184 

May 1, 1974 - 
April 30, 1977 

| 
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The Council For Tobacco Rkskaecii-U.S.A., Inc. 


r 

February 12, 197*+ 

Grant application No. 90LM • 

CHRONIC PULMONARY DISEASES 


To: The committee comprising Drs. Liebow, Meier and Wyatt 

Subject: George Welnbaum, Ph.D., Albert Einstein Medical Ctr., Philadelphia 
Modified application No. 901M 

"Lung Proteinase: Antiproteinase Balance and the Effect of Cigarette 
Smoke on this Interaction" 


History 

Application No. 901 in the amount of $45,332.plus two additional 
years, was considered at the March 1973 SAB meeting and deferred for a site 
visit. Unfortunately the visit was not arranged until after the October 
1973 SAB meeting. 

C 

Request ' 


Application No. 901M requests $ 38,163 plus two additional years. 


Documents Submitted (Enclosed) 

1. Letter from Dr. Welnbaum dated January 24, 1974. 

2. Modified application, I/ 16/74 


Comment 


To refresh recollections, we enclose copies of reports from Dr. 
Wyatt on a site visit conducted December 4, 1973; and from Dr. Liebow on 
a site visit conducted December 10, 1973. 



Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 


1003540184 






<&r : *" ,-. : : •■'■■• - > •• : 


^ January 24, 1974 
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aLBeRT 

emsTeiN 

MeDicaL 

ceNTeR 


NORTHERN DIVISION 

YCHK .trf* 4;>f. 

PHILA*;llPI tl.\ PA' IftlJt 

(215),329 0700 


* PHILIP KIMBEL. M.D. 

H^dd 

Pui^onrfry Diseas? Section 

R. SINHA. M O.. Ph D. 

Frederic Id. Nordsiek, Ph.D. 

Associate Research Director 

The Council For Tobacco Research - U.S.A., Inc. 

110 East 59th Street 
New York, N.Y. 10022 

Re: Application #901 

Dear Dr. Nordsiek: 


Ide.are enclosing tuo copies of our revised and updated application as 
requested by you on December 17, 1973. 

Ide have included a section on recent progress in our laboratory as it 
pertains to our prateinase-antiproteinase project Cp.3-6). We have 
also removed any studies concerned with species other than dog and 
human, in accord with suggestions by Drs. Liebow and Uyatt. Their 
questions and recommendations aided us greatly in tightening our re¬ 
search approach and making it mors relevant to the human situation. 

The project as ue are submitting it to you is totally independent of 
any work that use are doing for N.I.H. Their grant involves fraction¬ 
ation of cell proteinases involved in emphysema development. Therefore, 
Dr. Kimbel and I are requesting support from The Council for Tobacco 
Research for the total project as it is submitted. Along these lines, 
ue have attempted to prepare as tight a budget as possible and have 
reduced our previously submitted request by $7,000 a year. 


Thank you again for your consideration of our application and ue sin¬ 
cerely hope that our revisions meet uith your approval. 


Sincerely yours, 

Georger Uleinbaum, Ph.D. 
Bioscientist 

Pulmonary Disease Section 



Gld/da 

enclosures 


A CO.\STi7U£\tT 
Of !H£ ft L>i HAT (OS' 

Of J&YeS'H A'- S 

Of QFtCAUR PuttAOiLPHIA 
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APPLICATION FOR RESEARCH BRANT 


L V w. 


•JAN 2 9 1974 
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Submitted ; 1/15/73 
Revised: 1/16/74 


1. CO-PRINCIPAL INVESTIGATORS 


GEORGE bJEINBAUM, PH.D., Bioscientist, Pulmonary Disease Section 
<y' ■ PHILIP KIMBEL, M.O., Head, Pulmonary Disease Section 


2. INSTITUTION A ADDRESS: 




Albert Einstein Medical Center 
Northern Division 
York & Tabor Reads 
Philadelphia, Pa. 19141 


■ .v./ 


■ *w- 3. DEPARTMENTS dHERE RESEARCH LJILL BE DONE OR COLLABORATION PROVIDED : 

’v'K -**“ * ■' 1 — ■ " 11 ' — | 1 — ' ' 1 ' ' T~ i " u ~~ ~ ' ~~ ■■ " 

f Pulmonary Disease Section and 

- ... • - • Research Laboratories 

' •. - * Albert Einstein Medical Center 
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SHORT TITLEJCF_STUD_Y : LUNG PROTEINASE: ANTIPROTEINASE 

BALANCE AND THE EFFECT OF CIGARETTE SMOKE ON THIS INTERACTION 

* 

PROPOSED STARTING DATE : May 1, 1974. 

ESTIMATED TIME TO COMPLETE : 3 years. 

—' —— - \ 

BRIEF DESCRIPTION OF SPECIFIC RESEARCH ATMS: 


S 
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The twin objectives of this investigation are 1) to identify and quanti- . ' 
tate the primary factor responsible for protecting the lung against the action 
of autogenous proteinases which have been previously shown in this laboratory 
to produce experimental emphysema in dogs - and 2) to examine the role of ■ r 

cigarette smoke on this interaction". Lie shall isolate, purify, characterize 
and quantitate the normally occurring substance, Found in lung tissue which in- 
hibits the activity of specific proteolytic enzymes and determine if this lung'^^ 
sntiproteinase found in dogs has its counterpart in the human lung. The pro- 
duction of antipruteinases and their ability to interact with enzymes capable 
of inducing experimental emphysema in animals will be studied and evaluated 
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C in normal animals and those exposed to cigarette smoke. In order to bring 
/this study as close as possible tD the human condition, we will use human 
material (l.e. polymorphonuclear leukocytes, alveolar macrophages and lungs) 
which will be available to us by collaboration with the Medical Examiners' 
Office, the Division of Laboratories at Albert Einstein and Jeannes Hospital 
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BRIEF STATEMENT OF WORKING HYPOTHESIS; 


.- 
• rt ■ 


Our working hypothesis is that emphysema may be induced by the proteo- 
.lytic activity of specific enzymes from polymorphonuclear leukocytes and/or 




pulmonary macrophages. The release of these enzymes may be stimulated by 


■ V r } various air-borne pollutants. These enzymes overwhelm the local defense 
mechanisms in the lung, including such factors as serum and tissue antipro- 
^rJj^-teinases, and destroy or alter the elastic tissue of the aLveoli. 







t":: 9. DETAILS OF EXPERIMENTAL DESIGN AND PROCEDURES t 


<.?v: 


**'2v r ."' * **? *»••** ’■ 

<&>: PART I - INTRODUCTORY STATEMENT 






__ . . . ' 

r /:A Epidemiologic studies suggest that smoking is an important factor in the ^ 
development of pulmonary emphysema in humans. Two major, non-mutually exclu- 
Biva theories fur its induction differ only in their emphases on initial tis¬ 
sue attack* In the vascular theory (1), the initiating lesion is of vascular 
origin, resulting in obstruction of branches of the bronchial or pulmonary 
blood supply* The subsequent deficiency of nutrients would then lead tu ne¬ 
crosis of alveolar walls and septa to form the characteristic emphysema path¬ 
ology# According to the second theory (2), Emphysema develops due to the 
direct attack of proteolytic enzymes at the air-lung interface. Regardless 
of which theory is correct there is eventual extensive damage to both the 
vascular and parenchymal tissue. A logical source of this degradation couid 
conceivably be intracellular collagenase and/or elastase, released into the 
surrounding tissues due to cellular necrosis caused by such stimuli as chronic 
infection cr chrrnic pollution-induced destruction* 

Although cigarette smoking and human emphysema have been statistically related 
using clinical and autopsy material, it has not yet been shown if there is a 
direct causal relationship or if smoking and other pollutants merely acceler¬ 
ate a normal aging process. Also, if there is a direct relationship between 
smoking and emphysema it is still possible that smoking is but one of a num¬ 
ber of extrinsic factors able tD act synergistically with autogenous agents 
to effect this lung damage. Those experimental studies which have been per- * 
formed on the effects of smoking do, however, suggest reasons for exploring 
the action of ci^arette smoke as a single contributing factor in emphysema 
induction# 






jbVfcv 



■^j> ; .-When human pulmonary leukocytes from smokers and non-smokers were compared *'*r~**AX& 
O f 5), even asymptomatic smokers had greatly increased numbers of pri- ~ 
f -warily polymorphonuclears and macrophages with a direct correlation to the 

* v rif * ~ fv r V * 

... . ^ , 4 * * * * v '\* jr 
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r , amount of smoking and smoke inhaled. This cannot be explained .as simply 

’V a protective effect, i.e., more phagocytes are supplied to remove an in- 
. creased amount of foreign matter, because there mas an actual decrease in 
! ; ‘ the antibacterial activity of alveolar macrophages isolated from smokers. "• 
4>'r : This effect differed among the various brands of cigarettes tested and > ■, 
varied inversely with the effectiveness of filtration (6). The significance 
. of this decrease in antibacterial activity as opposed to such other findings 
as change in size or pigmentation, lies in the ability of the phagocytosed, 
undegraded particles to cause the lysis of the engulfing leukocyte with 
'subsequent release of enzymes able to degrade pulmonary tissue. 










The demonstrated greater susceptibility of cigarette smokers to respira¬ 
tory infections may, therefore, be due to this combination of insufficient 
. leukocyte degradation of invading organisms and the damage resulting from 
the action of liberated proteases on lung tissue (7). Since studies of 
human pulmonary emphysema are hampered by time required for induction and 
moral considerations, animal models have been employed. Although the 
horse has the advantage of having lung anatomy, distribution of bronchial 
arteries, and a natural emphysema similar to that found in humans, economy 
-..•dictated that another animal model be used. Since this laboratory has suc- 
. cessfully produced emphysema-like lesions in dogs (8), using aerosolized 
leukocyte protuinases and since the parenchymal effects of smoking in dogs 
-■resembled human emphysema (9), this system will be used as our initial modal 
with the understanding that we will attempt to use human material when fea¬ 
sible in order to directly relate our observations to the human condition. 



, * . * 

* 





It has been suggested (10) that a decreased level of serum alpha,-antitrypsin 
is of primary importance in correlating with the development of Hereditary 
emphysema. Gthetr investigators (7,11), however, have been unable to demon¬ 
strate a relationship between the development of emphysema and smoking in 
those individuals having intermediate or normal levels of this antiprcrcease* 
Although this may be a characteristic of the species studied, the report 
(12) that lung tissue binds the serum antiproteases suggests that not only 
Is the total level of antiprotease important but also its localization 
end its availability to bind and thus inhibit proteolytic enzymes. Mater- . 
ial from fractionated lung tissue must be examined for its role in protein- 
ese-antiproteinase balance* Indeed, it is also possible that a lung speci¬ 
fic antiprotein?se may be present at the air-lung interface. Such antipro- 
teinases may be of paramount importance as regulators of protelnases released 
from various ceJIs in the lung during normal physiological states as well as 
during stress situations. . 


- "a: 

c 


PART II - PREVIOUS LJORK POME ON THIS PROJECT 

Since aur original application was submitted we have much recent 
data in support of the concept of a lung' antiproteinase acting as a primary 
defense system directed against those leukocyte enzymes capable of digest- 
••ing lung tissue. Along these lines we have isolated, by lung lavage, an 
extracellular material which appears to have unique antiproteinase proper-^ 
'.ties. The data are shown in Table I. - • . . • • . ■ 
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Table 1 


Comparison of Various Antiproteinasea 
From Dog and Human Sources_ 


v*y ** 1 ' - 


Dog Lung 

Dog 

Human 

Human 

Human Lung 


' Enzyme 

Substrate 

Inhibitor 

Serum 

oCj-AT 

oC 2 -MG 

Inhibitor 

- . i 

Purified Trypsin 

BAPNA 

22 

B7 

70 

14 

mm ^ 


jf? : * -- . , - 

•7 . ( . 

Casein 

0 

— 

6B 

43 

9 


Pancreatic 
»f,' Elastase 

t-BOC-Ala 

91 

50 

95 

30 

0 


i. * s \ ' 

Casein 

0 

— 

O 

22 

—• 


Dog PMN 

Elastase 

t-BOC-Ala 

93 

70 

100 

22 

— 

' * 

Dog Alv. Macro- 
-... phage Elastase 

t-BOC-Ala 

90 

65 

— 

— 

— 


Human PMN 






80 


Elastase - 

t-BOC-Ala 

65 

30 



V 

t ; 

- V - 

. i* 




;^-The data presented in Table I shows that dog lung inhibitor does not inhibit 
trypsin to any great extent (22%) whereas doo serunv or human AT inhibit 

C " trypsin activity at least 70%. In addition, the lung antiproteinase is u 
more effective inhibitor of pancreatic elastase than the dog serum antipro- 
•v teinases (91% vs, 30%). In thi§ regard the dog lung inhibitor is markedly . 

different than the human lung inhibitor, since the human lung antiproteinase s 

does not appear to inhibit pancreatic elastase. In obtaining our human lung 
. material from the Medical Examiners 1 Office we have arranged to get normal ~ 

■" specimens (gunshot deaths, suicides or auto accidents) when the autopsy is 
'.*• performed witnin 2 to 3 hours of death. Collection of such material has been 
.V; approved by our Committee on Research Involving Human Subjects. •' '..i 

1 The experiments described above show that the dog lung antiproteinase ie 
different than the major dog or human serum aritiproteinases. The data for 
human lung inhibitor was obtained from a 1M NaCl extract of human whole lung 
homogenate (Oanoff, personal communication) and the material is contaminated 
with lung tissue proteins to a far greater extent than our saline lavage. 

(lie must now determine if saline lavage of humsn lung allows isolation of 
such a unique lung antiproteinase. 

In addition, we have shown previously that polymorphonuclear leukocyte 
(PMN) homogenates will produce experimental emphysema in dogs and, more re- I 
cently, have fractionated this PMN homogenate to isolate and characterize 
the emphysema-inducing agent. Acetone powder.i were prepared from dog PMN 
Which were obtained by dextran sedimentation nf fresh citrated dog blood. 

The desiccated material was extracted sequentially with water, 0.15M NaCl, 

0.5M NaCl, 1.0M NaCl and 8M urea and the proteolytic activities of each of 

C the fractions were, determined using various substrates. . General proteolysis 
.against denatured hemoglobin was present in all the fractions. Elastolysis 
was found in the 1M NaCl and OM urea fractions. Proteolysis using the resi- 
due remaining after 1M NaCl extraction of perfused, lavaged,.dog lung homo- 
genates as substrate was greatest in the Q.15M NaCl fraction, as is seen in 
: Table ii. ..... . , 

• V V- •/ V * ■' V.“'V' ■ :k •••>-. - •- •.; 
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Table II 

, 

Characteristics of Various Poo PMN Fractions 


' \ e-x 

K » jr 


4 

PMN Fraction 

Emphysema- 

Inducing 

Activity 

Lung Residue 

Digestion 

Activity 

% Inhibition of Lung 
Residue Digestion Using 
Luna Antiproteinase. 

Elastolytic 

Activity 

fc » * < r 
rtt* 

tr vs£!r 

* 1 

. h 2 0 

mmm 

505 

0 


* T H 

0.15M NaCl 

++ 

1260 

67 

- 


0.5M NaCl 

+ 

924 

64 

' — . n 

- * • 

1.0M NaCl 

w 

253 

0 

r 

\ r /< y .. 

t 

8.0M Urea 

— 

640 

0 

+ 

, |( 


As can be seen in Table II, only the fractions capable of inducing experi- . 
mental emphysema in excised dog lobes (0.15M and 0.5M) were inhibited by - 
lung antiproteinase in their ability to digest lung tissue* The three *' 
other fractions were not inhibited by lung antiproteinase. Further puri¬ 
fication of tne Q.15M NaCl fraction by precipitation with 55% (NH^J^SO^ 
and fractionation on CM-Sephadex increased markedly the purification 
of the emphysema-inducing activity. Emphysema production was inhibited 
by incubation of the activB 0.15M NaCl fraction with ovomucoid, a known 
proteinase inhibitor. The PMN fraction responsible for emphysema pro¬ 
duction is a protease which is able to degrade lung tissue but cannot be 
described as having classically assayable collagenolytic or elastolytic 
properties (Table II). 


Furthermore, we have partially purified and partially characterized the 
lung antiproteinase. The supernatant was concentrated 100-fold by either 
lyophilization or ultrafiltration yielding a solution containing approxi¬ 
mately 5 mg/ml of protein,. After dialysis against 0.01M phosphate buffer, 
pH 7.5, the sample was fractionated on DEAE cellulose using a discontinuous 
salt gradient- Stepwise elution with 0.03M, 0.G6M, 0.10M and Q.50M NaCl 
in the phosphate buffer yielded four peaks of protein with a recovery of 
85-100%. The distribution of protein was approximately 25% in peak I, 

18% in peak II, 14% in peak III, 36% in peak IV. Most of the antipratein- 
ese activity wcs recovered' in peak II, measured by inhibition of hydroly¬ 
sis of t-GQC-alanyl-g-PJO^ phenyl ester by porcine pancreatic elastase . 
Acrylamide gel electrophoresis at pH 7.0' in 1% sodium dodecyl sulfate 
showed marked enrichment of a high molecular weight component in peak II 
as compared to the other three peaks. 

Immunologic techniques demonstrated that there were differences between 
this lung antiproteinase and serum antiproteinase. Antisera were pre¬ 
pared against whole dog serum as well as against unfractionated lung 
antiproteinase. Crude antiproteinase reacted with both antisera in 
Ouchterlony plates. Using immunoelectrophoresis the crude antiprotein- 
sse showed at least three arcs with anti-dog serum and at least two arcs 




O 
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against antiserum to lung inhibitor. The partially purified antiprotein- 
ase of peak II shauied a single btc against anti-dog serum. The arc uas 
not coincident with that formed against partially purified dog alpha.- 
antitrypsin. 

Thi9 lung antiproteinase, while it showed immunologic cross-reactivity 
with serum proteins, was also differentiated from known dog serum anti- 
proteinases‘on tha basis of inhibition studies against two purified en- 
, zymea, trypsin and elastase. Under conditions where dog serum inhibited 
trypsin esterolysis maximally 9055, lung antiproteinase inhibited maxi¬ 
mally 20%; whereas dog serum inhibited elastase esterolysis no more than 
>50% the lung antiproteinase inhibited more than 90%. 

Tliese data suggest that there may be a unique antiproteinase present at 
£5’'.the air-lung interface. This inhibitor may play an important role in 
•V- '.regulation of proteinases released into the lung under various physio¬ 
logical conditions. 

.. blith these data in mind, we propose the following research program. 

V PART III 

- 

A. RESEARCH PLAN OUTLINE ' " * '**• 




\ ••a**’ 


• V 

' * 

* “'jvV.v 




1. To Characterize Antiproteinase(s) in the Luno. 

a# Isolate and characterize the factor(s) from dog and human 
lung responsible for antiproteinase activity. 

b. Compare the factor(s) found in the dog and human lung with 
serum proteins demonstrating antiproteinase activity. 

•2. To Deternlne the Role of Smokino on the Interaction between tha 

Proteinases and Antiproteinasss in the Luno. 

.. . ' a. Irj_ vi tro assay of proteinases from alveolar macrophages, 

lung tissue and f-HN's and the qualitative ar.d quantitative effects on 
them due to exposure to cigarette smoke. 

b. In_ vitro assay of serum and lung antiproteinases from normal 
and smoking dogs. 

c. Comparison of ease of induction of experimental emphysema 
using proteinases isolated from normal and smoking dogs on both types 
of dogs. 

B. ABSTRACT OF RESEARCH APPROACH PROPOSED 

1« To Characterize Antloroteinase(s) in the Lung 

a. Isolate and characterize the* factors from dog and human lung 
responsible for antiproteinase activity. 

1) use at least two different fractionation systems (homoten- 
ization or lavage) to isolate dog and human lung antiproteinase 


■. 

r * * 


<L 
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' Z) quantitate the amount of antiproteinase normally present in 

dog or human lung 

3) purify the antiproteinase by chromatographic (DEAE, CM and 
Sephadex) procedures 

. 4) determine its molecular weight, if there is sugar or lipid 

associated with the protein end the mechanism of inhibition of specific pro¬ 
teinases 

5) determine if the lung antiproteinases can prevent the devel¬ 
opment of enzyme-induced emphysema jji vivo in the dog, and JLn vitro in isol¬ 
ated human lung lobes 

b. Compare the factorCs) found in the dog and human lung with serum 
proteins demonstrating antiproteinase activity. 

- • l) analyze the purified lung and serum antiproteinases by acryl¬ 

amide gel electrophoresis and peptide map characterization 

2) determine if the antiproteinase of the lung is immunologi- 
cally related to any of the serum antiproteinases 

- 3) compare the inhibition spectra of specific enzymes by the 

lung and serum antiproteinases 

'"'2. To Determine the Role of 5mokino on the Interaction Between the 

Pro teinssEs and Hntiornleinasss in tne Lung * 

a. In vit ro assay of proteinases from alveolar macrophages, lung 
tissue and PHN's Bnd the qualitative and quantitative effects on them due 
to exposure to cigarette smoke* 

1) assay fractionated proteinases from alveolar macrophages 
end PKN of normal subjects and those exposed to various regimens of cigar¬ 
ette smoke 

2) essay release of proteinases from alveolar macrophages dt 
PHFV before and after exposure to cigarette smoke 

■ ” . b. The effect of smoking on serum and lung antiproteinase levels 
and activities. 

a* 

1) essay sera and lung lavage for changes in antiproteinase 
activities comparing normal and' smoking subjects 

2) determine if there has been a change in the relative amounts 
of each type of serum inhibitor after smoking 

3) establish if there is any immunologic change in any of the 
antiproteinases after smoking 



-.V. , 


c. Effect of cigarette smoke on induction of proteinase-induced. 

1) establish if smoking makes the lung more susceptible to 
leukocyte-induced emphysema. 

2) determine if the alveolar macrophages or PMN from smoking 
subjects are equally effective as normal cells in inducing emphysema. 


© 


U1 

ft • 


c. experimental procedure 

!• Characterization of Lung Antiproteinases 
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Human material will be studied not only as this is the species 
of primary concern, but also because no clearcut relationship has as yet 
been found between the intermediate levels of serum proteinase inhibitor 
and development of emphysema in smokers (11). One approach, that of 
genetic analysis of the numerous alleles involved in production of serum 
1 8lpha,-antitrypsin is being undertaken in several other laboratories (12). 

Our approach is a biochemical one in which we will evaluate the role of 
1 proteinase:antiproteinase balance under smoking and non-smoking conditions 
in relation to the development of experimental emphysema. Dog material 
will be employed due to the considerable body of data already available 
. from this lab using this animal. Also, a direct relationship was found 
between macroscopic parenchymal disruption in dogs and duration of daily 
cigarette smaking over a period of 0-22 months (13). Microscopically, 
these lesions resembled human emphysema (13). Emphysema has been success¬ 
fully produced in our laboratory jin vivo using papain or leukocyte homo¬ 
genate instillation or aerosolization. We have also developed an in 
vitro system fur emphysema production utilizing isolated lobes and in- 
stillation of proteinases (1A). 


a. Isolation and Comparison of Dog and Human Luno Antlproteln- 
Bses 

W-+ ■! Ill 

Isolation and Quantitation of Tissue Inhibitors 


C 



Lung tissue from dog and human origin will be minced, homo¬ 
genized in a blender, and washed three times with water followed by cantri 
fugation at 15,000 rpm. The pellet will he washed twice, including once 
overnight,'with 1M NaCl. The sodium chloride supernate will then be re- 
centrifuged at A2,0Q0 rprm (15). Supernat? extracts will be assayed fur 
their ability to inhibit the proteolytic activity of enzymes extracted 
from polymorphonuclear leukocytes using the hemoglobin assay (16). It 
.is expected that antiproteinase activity will be found in this fraction 
because of the preliminary work of Liebermnn (17) and Janoff (IQ). Wa *- 
will initiate this work using the NaCl extract, but will check other lung 
extraction procedures also. As mentioned in Part II we have already in¬ 
itiated an extraction procedure utilizing lung lavage and have found that 
this isolation procedure yields an antiproteinase which may be different 
than the Banoff inhibitor (see Table I). However, since Janoff’s work 
was dons with human lung and ours with' dog lung we will use both proced¬ 
ures on both species of lung tissue in order to determine which technique 
will allow for easy isolation in a relatively pure form and permit quanti¬ 
tation of antiproteinase levels (mg/gm wet lung tissue; mg/mg surfactant 
.phosphorus or mg inhibitor protein/dog). 



Characterization of Inhibitors 

In order to characterize these antiproteinases they will be 
purified using such standard' procedures as precipitation with ammonium 
sulfate, methanol, trichloracetic or perchloric acid and various types 
of ion-exchange chromatography (19). An alternative procedure will be 
sought using' the principle of affinity chromatography (2Q). Crystalline 
trypsin will be bound to Sepharose AB using the cyanogen bromide method 
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of Cuatracasas and Anfinsen (21), and the matrix poured into a column. 

Lung extract or lavage containing the antiproteinase will then be applied 
.to the column, nonbound protein washed off, and the adhering inhibitor 
selectively eluted. As was described in Part II, we have already devel¬ 
oped a chromatographic procedure to partially purify lung inhibitor 
using DEAE cellulose columns, tile will characterize the purified inhibi¬ 
tor as to- molecular weight (determined by Sephadex and acrylamide gel 
electrophoresis in sodium dodecyl sulfate as well as by ultracentrifuge 
analysis). We will also determine if it is a glycoprotein or a lipopro¬ 
tein Bnd if it has any chemical Dr immunological relationship to surfac¬ 
tant, which is also present at the air-lung interface. Finally, we” will 
establish more clearly the interaction between the antiproteinase and the 
enzymes listed in Tables I and II which it inhibits in .order to understand 
the mechanism and requirements for inhibition. 

Effect of Inhibitors on Induction of~In .Vitro Emphysema 

In vitro emphysema has been induced- in our laboratory using 
isolated lobes of dog lungs. Following removal of the lungs from the 
body the individual lobes were instilled with solutions of proteinase(s) 
and the enzyme(s) allowed to digest the tissues for 1‘6. hours at room 
temperature (If). We will determine if the inhibitors isolated above ' 

will affect in vitro induction. Formaldehyde will be instilled: into the 
lungs at a standard pressure of 25cm. The organs will be immersed in for¬ 
maldehyde for A8 hours, mounted, sliced and stained. Sections will be ex¬ 
amined for alveolar wall destruction using the method of Dunhill (22). 

This proceduie will allow us to better define what we are considering tc 
be emphysema-like lesions and also to quantitate the effects of various 
doses of agents required to produce a defined level of lung destruction. 

The use of isolated lobes will provide us with a considerable economic 
advantage over _in vivo work employing the entire animal. It will also 
allow us to minimize the effect of any animal to animal variation on a 
given experiment. We have preliminary data showing that lung antipretein- 
ase is a strong inhibitor of emphysema development in vitro and we will' 
expand these studies to determine if this inhibition works _in, vivo . We 
will also attempt to induce emphysema-like lesions in human lobes _in vitro 
using human PMN enzyme and establish if there is a human lung antiprobein- 
ase which can regulate disease induction in a manner similar to the cog 
system. 


b. The Relationship between Lung, and Serum Proteolytic 
Inhibitors 


Although both the serum and the pulmonary tissues have been 
reported to contain substances able to -inhibit proteolytic enzymes no 
one has studied the possible relationship between the inhibitors from 
these two sources. The value of such a comparison lies in the relation¬ 
ship of these inhibitors to both the etiology and prognosis of the disease 
state, always with the assumption that since proteolytic enzymes are sig¬ 
nificant in these processes so too are these inhibitors. If a serum in- . .sivtfswv, 
hibitor is actually a subunit of a lung inhibitor (or. vice versa) then it .. 
could be expected that there would be some sort of quantitative relation- 
ship between their concentrations. Conditions regulating this ratio could 
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be involved in pathogenesis of pulmonary emphysema. Genetic abnormalities 

C , affecting the specific regulatory gene(s) mould also be expected to affect 
' both serum and pulmonary inhibitor if they were derived from the same mole- 
- cule. Conversely, if the lung and serum antiproteinases are not subunits 
of some primal molecule any relationship between the concentration of one 
as compared to the other could havB some non-genetlc, e.g., environmental 
origin* 

* • 

. • Several methods listed below will be employed to study the relationship 

between antiproteinases of the lung and the serum* ~ 

1* Polyacrylamide gel electrophoresis, with and without 8odium dodecyl 
sulfate will be used to determine if the antiproteinases isolated from dog 
or human lungs have subunits such as easily dissociabla or reducable poly¬ 
peptide chains and if they are similar to serum antiproteinases isolated 
:in a‘similar chromatography procedure. 

2. Antisera will be raised in rabbits injected with purified serum anti¬ 
proteinase and tested against lung antiproteinaae using the iramunoalectro- 
phoretic and Ouciiterlony techniques to find out whether or not the molecules 
share antigenic, and therefore, structural sites. As already described in 
Part II we have prepared antisera to whole dag serum, whole human serum, 
crude lung antiproteinase and we are presently preparing antisera against 
purified dog -antitrypsin, cX~ -macroglobulin, partially purified lung 

antiproteinase^ as well as against purified human ^-antitrypsin and human 
^C-macroglobulir.s. The latter two substances were obtained through the , . 

.V\ generous help of the American Rod Cross. Ue have already established that 

( the partially purified lung antiproteinase contains a component which reacts 
with antiserum developed against whole dog serum: that this component mi¬ 
grates in Immunoelectrophoresis a9 an inter-alpha protein and that there are 
. no other crass-rnactive proteins present in the partially purified prepara¬ 
tion. To determine if the cross-reactive protein is the lung inhibitor will 
* require complete purification by procedures described in earlier sections. 

Ue will also carry out this immunologic analysis on the human lung lavage 
3 in order to bring this work closer to the human emphysema system. 

3. Samples of each inhibitor will also be hydrolyzed and subjected to two- 
•" .dimensional electrophoresis and chromatography, producing two-dimensional 

peptide maps in order to further compare ths primary structure of the proteins. 

4. Each inhibitor will be tested against such standard proteolytic enzymes 
as trypsin, collagenase, papain and elastase using hemoglobin and other 
pure proteins as substrates to obtain a general idea of its inhibitory 
spectrum. 

5. Each inhibitor will also be tasted for its effect on enzymes derived 
from dog or human polymorphonuclear leukocytes and macrophages, using as 
substrates material obtained from fractionated lung tissue to more closely 
approximate its actual effect in the intact animal. These experiments will 
expand the work already described in Tables I and II. 




/-.'v 




All these studies will aid us in understanding the nature of the dog and 
human lung antiproteinases, their interaction with various cellular 
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proteinases which may be present in the lung under certain physiological 
conditions and their relationships to dog and human serum antiproteinases. 
This work would have potential importance in understanding the etiology 
of emphysema, may aid in making earlier and more accurate diagnosis and 
may help to develop new techniques of treatment including the possibility ‘ 
of immunotherapy. 

The people involved in the studies described above include Drs. George 
Ueinbaum, Philip Kimbel and Bruce Sloan, as well as our biochemistry and 
histology technicians. The provisional timetable for accomplishing the 
work described above is approximately 24-30 months. Some of this work will 
run simultaneously with that described below. . 


2. The Role of Cigarette Smoke in Determining Proteinase:Anti - 
Proteinase Interaction _ 

Background 

The response of lung tissue to both acute and chronic treat¬ 
ments with cigarette smoke have been amply described micro- and macro- 
scopically. Several laboratories (9,13) have supplied data detailing 
the numerous changes resulting from _in vivo exposure of pulmonary tissue 
to noxious fumes but none has sought to determine the effect of suer ex¬ 
posures on the interaction between autogenous proteinases and antiprotein- 
ases. 


a. Effect of Smoking on Proteinases from Lunn Hacroohaoes , 

L ung Tissue, and-Polymorgnonuclear Leukocvces . 

Populations of lung macrophages will be obtained by lavaga 
(3). PMNs will be obtained from whole blood by the usual procedures used 
in our laboratory (23). Lung cells will be prepared by mincing lung tissue 
and homogenizing in a Potter-Elvehjem homogenizer, disrupted by sonication, 
and made into acetone powders. The powder will be extracted using water, 

1M NaCl, and BP urea to affect an initial fractionation corresponding 
roughly to acid, neutral, and alkaline proteinases. Work currently in 
progress in our laboratory using the PMIV material from dog blood (as des¬ 
cribed in Part II) indicates: 1) the water extract is much richer in 
acidic proteinase (catheptic) activity than the combined neutral and al¬ 
kaline activities; 2) the acidic activity is much less in the sodium 
chloride extract and essentially zero in the urea extract; 3) the sodium 
chloride extract has the greatest amount o' alkaline and neutral activi¬ 
ties; 4) the neutral and slightly acidic (pH 5) activities of the urea 
extract are more significant than either the acidic or alkaline proteolytic 
activities; 5) elastolytic activity, using t-Ooc-L-alanine ester as sub¬ 
strate, is significant only in the high salt and urea extracts; 6) colla- 
genase activity, using bovine achilles tendon as substrate was found in 
both the water and the low salt extracts, with minimal activity in higher 
salt or urea extracts. These findings are important in that they 1) dem¬ 
onstrate an initial significant separation of the major proteolytic acti¬ 
vities and 2) the two principal enzymatic activities involved in connec¬ 
tive tissue destruction, i.e., elastase and collagenase, and implicated N .._, 
in causing disease in these tissues (24) are easily separated. Although 
routine elastase assays are performed using a synthetic substrate, the 
use of elastin-orcein has confirmed the fact that the high salt and urea 
fractions did indeed have the elastolytic activities. As described in 
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Part II we have succeeded in fractionating the dog PMN further to give 
us a partially purified enzyme fraction which contains less than 1% of the 
total cell protein and this fraction is the only one capable of inducing 
emphysema in isolated dog lobes. This work is being expanded to examine 
•the purification of the emphysema-inducing agent from dog alveolar macro¬ 
phages, human PMN and human alveolar macrophages utilizing ( initially, the 
same purification scheme which has worked for the dog PMN enzyme. . . 

* ft 

The emphysema-inducing enzyme from dog PMN has been enriched in lung- 
digesting capacity. Therefore, those enzymes capable of destroying lung- 
derived substrates will be employed in the studies dealing with proteinase: 
antiproteinase interactions. 

Macrophages will be washed from lung3 of dogs exposed to cigarette smoke. 
The smoke exposure will be performed using a mask system as described in 
the letter submitted to Dr. F. Nordsiek on February 8, 1973, or we will 
use an updated system similar to that described by Battista and 1 co-work¬ 
ers (25). Ue will rely on the experts recommended by the Tobacco Research 
Council to select the most satisfactory exDOSure system. Acute treatment 
will consist of short exposure to cigarette smoke adjusted to give an 
amount equivalent to two packs for a smoker of average weight. Chronic 
.treatment will involve using cigarette smoke adjusted to give an amount 
equivalent to one-half pack in one group end two pack3 in a second group 
for varying intervals of time over a 0-6 ronth period. . _ - 

The proteolytic activity of the macrophages will be determined using 
standard protein and synthetic substrates and also the specific lung 
substrates described above. Proteolytic activity will be measured net 
only using acetone powders of sonicated rells, but also from supernatants 
of cells allowed to merely discharge their enzymes due to possible changes 
in intracellular stability. These determinations of proteolytic activity 
will be performed on cells from both normal and treated dogs since there 
are reports (26) that smoking causes an increase in pulmonary proteolytic 
activity. Such data should be important in ascertaining if certain pollu¬ 
tants can potentiate the development of errphysema via the mechanism nf 
proteolytic degradation. 

b. The Effect of Smoking on Serum and Lung Anti-proteinase 
Levels and Activities. 


,.v. **-. 






Sera from dogs subjected to acute and chronic smoking 
schedules will be assayed for changes of antiproteolytic activities using 
both the antitryptic assay of Eriksson (27) and the more specific enz/me- 
substrate systems described above. Inhibition of specific antiproteoly- 
tic activities will be followed using the agar gel electrophoretic tech¬ 
nique of Ouchterlony (28), in order to demonstrate not only different 
levels, but also different inhibiting spectra of antiproteolytic agents. 

The immunoeloctrophorntic technique will, tell us if there .has .been a shift 
in the amounts of ^^-antitrypsin, cKj/^macroglobulins and. inter-alpha anti 
proteinase components by utilizing the specific antisera presently being 
prepared. These data will, therefore, aid in determining if cigarette 
smoke affects the level or composition of the various serum anti-protein- .J’ 
ases. , * - • • .. . .*\*'*. 
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Lung antlproteinase isolated as described in an earlier section will be 
assayed to determine possible changes due to exposure to cigarette smoke. 
The total amount of lung antlproteinase, the amount bound in the lung to 
proteinases and the ratio of these values will be determined to give a 
■‘quantitative picture of the relationship of smoking to antiproteinase ac¬ 
tivity. Qualitative differences will be sought for by redetermining the 
spectra of enzymes inhibited by lung antiproteinase after exposure to • 
cigarette smoke and comparing these to normal values. 


c. Effect of Cioarette Smoke un Induction of Proteinase - 
Induced Emphysema . 

Emphysema induction will be studied both iri vivo and in vitro . 

\ ' Initially, our studies using PMN homogenates to produce emphysema will be 

V extended to dogs previously subjected to various regimens of smoking as 
described in the preceding section. In our Bcute jin vivo studies dogs 
exposed to cigarette smoke will be treated with various amounts and types 
of leukocyte-oarived proteinase, sacrificed, and the severity of emphysema¬ 
tous lesions compared to those of untreated' dogs. Chronic studies, cis 
described previously, will also be performed prior to proteinase treatment 
to measure the short and long term effects of exposure to smoke on the 
ease of emphysema-induction using leukocyte proteinases. . - ■ 

... In vitro studies will be carried out by rtmoving lungs from dogs exposed 
' • ' to cigarette cmoke and the isolated lobes used as test organs for protein¬ 
ase Judies. This method is not only more economical than whole animal 
f studies but also emphasizes the effects of smake and proteinases on the 
^ lungs themselves, with a minimum of extrapulmonary involvement due to cir¬ 
culatory transport of serum factors to act as antibodies, serum antitrypsin 
proteins or serum proteolytic enzymes. Previous work in the laboratory has 
demonstrated the feasibility of this technique for quantitating the amount 
of enzyme required to induce emphysema in the intact animal and should be 
of considerable utility in the program. 


The significance of this program will lie in its determination of the 
role played by smoking on the development of emphysema. By studying the 
effect of cigarette smoke on both the serum and lung antiproteinases we 
hope to demonstrate which antiproteinase is more important in conditions 
likely to cause emphysema. We will also better understand the role of 
proteinase-antiproteinase balance during induction of experimental emphy¬ 
sema. We hope to utilize the observations made in our model system in un¬ 
derstanding the sequence of events occurring during the development of 
human pulmonary emphysema. In accomplishing this we believe that we thall be 
better able to describe those individuals most prone to emphysema development 
and, eventually, suggest a method of treatment. The smoking experiments 
described in this section will only be performed on dog materials. The 
people involved are the same as listed in the previous specific aim (pg.10). 
This work will be initiated 6-12 months after characterization of lung 
antiproteinases has been begun and our suggested timetable is that this 
work will take 24-30' months to accomplish. '■ 
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SPACE AND FACILITIES AVAILABLE: 


c 






C 


The facilities available in the Biochemistry Laboratory for use during 
these investigations include: 

1. Zeiss phase microscope 

2. Sorvall centrifuge 

3. Hitachi-Perkin Elmer spectrophotometer 
. ' A. Mettler balance 

5. Refrigerator and freezer 

6. Glassware for all the basic techniques described 

The facilities available in the Cardiopulmonary Laboratories far use 
during these investigations include: 

1* Eight-channel FM magnetic tape recorder with voice input. 

2. Six-channel FM magnetic tape recorder with voice input. 

3. Filtering and differentiator circuit. 

A. Differential and vascular pressure transducers. 

5. Animal body plethysmograph (modified small body respirator). 

6. Spirometers. 

7. Gas chromatograph for CO and Ng analysis. 

8. Godar.; CO Analyzer. 

9. Godart COg Analyzer. 

10. Beckman O 2 Analyzer. 

11. Blood gas and pH electrodes system with water bath and tonometer. 

. 12. Pressure cycled respirator (Bird Mark VII). 

! -—4 

’ \ 

The Research Laboratories have the following general facilities avail¬ 
able: * ^ 

1* Hotpack walk-in incubator 

2. LJaik-in cold roam 

3* RCA electron microscope 

4# Dark room facilities 

Animal boarding facilities occupy an adjoining building. An animal surgical 
suite is located there, contains a completely equipped operating facility 
and is maintained by a full-time staff. Standardization of dogs is prac¬ 
ticed and during a three-week period of observation, testing and treatment 
prior to experimentation, pre-existing medical problems are eliminated. 


11 . ADDITIONAL FACILITIES REQUIRED : 

* NONE 
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fungi, abnormal cell wall synthesis and characterization of the lipids of 
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Dr# M. F. Maileite on induced enzyme synthesis in jl. coli. 
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Professional Experience 

I am presently a postdoctoral fellow in the Biochemistry Department 
Pulmonary Disease Section, at Albert Einstein Medical Center. My research 
here has consisted of studies on proteolytic enzymes derived from dog* poly¬ 
morphonuclear leukocytes and macrophages. I have been attempting to assay, 
isolate and define the role of enzymes on the development of experimental 
emphysema using the dog as a model system. 

From 1969-1971, I was a postdoctoral fellou* in the Laboratory of Chemical 
Pathology, Department of Pathology, Harvarc, Medical School. My research 
was concerned with the role of genetics ano the state of the antigen on 
cellular and humoral immune mechanisms. 

I received my graduate training at Hahnemann Medical College, under Dr. 

Peter Stelos. My research was concerned with studies of the structure 
of immunoglobulin G, specific antibodies, and Bence-Jones proteins ano 
employed enzymatic and chemical procedures for protein degradation and 
sequencing. 
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New York (1972). 

Marco, V., Meranze, D.R., Yoshdda, M. and Kimbel, P. : Papain- 
induced Experimental Emphysema in the Dog, Journal of Applied 
Physiology, 33:293 (1972). 

C. B. Sloan, Ph.D . 

Sloan, E. The Extension of Thin Layer Electrophoresis an Cellu¬ 
lose to the Identification of BNS-amino acids. J. Chromatooraohv 
42:426 (1969). 

Sloan, B. and Gill, T.J. Genetic and Cellular Factors in the 
Immune Response. IV. The Effect of Aggregation on Antibody For- ‘ 
mation and on Delayed Hypersensitivity in the Inbred ACI and F344 
Strains of Rate. Journal of Immunology, 108 :26 (1972). 


Vlvf J-** V-w li, —-f 




Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 


. 1003540205 




13. PUBLICATIONS (continued) 


Sloan,. B. and Gill, T.J. Synthetic Polypeptide Catabolism. IV. In 
' Vivo and In Vitro Degradation of Poly (Glu"’ Lys Tyr 3 ) in Highly 
Responding (AC1) and Poorly Responding (F3*rt) Strains of Rats. 
Immunochemistry, _9:677 (1972). 












►* . 


«r*>HKVfc. . iL‘_ -.KJ*.* r* * i 


Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 


1003540206 




R: REDACTED MATERIAL 



- 22 - 


FIRST-YEAR BUDGET: 

. 


• 

A# Salaries 

v v ! “ 

" % Time 

Amount 

[Professional 




George UJeinbaum, 

Ph.D.,‘Co-Principal 

20 


Investigator 



. • ^ 


Philip Kimbel , M.D., Co-Principal 




•, • > j k * 


Investigator 

20 


■m 

• % V - 


Bruce Sloan, Ph.D., Research Associate 

50 



1 ^ ^ >v - ^ 


Technical 



a 



Biochemistry Technician 

100 

. 




Histology Technician 

50 


s 

. 1 v ' * - 


- Fringe Benefits 




•J-*. 

. - 

... . Sub-Total 

for 

£ 


*■ ' 

B. 

Consumable Supplies 




‘ 


Animals . 



2,250 

** * 


Boarding of animals ' 



750 


c 

: Glassware 



500 

• *t» *■ 

* 

’ Chemicals, Drugs, Stains, etc. 



1,000 

t - j ., * 


. . ' Sub-Total 

for 

JB 

$ 4,500 


c. 

Other Exnpnses 






Travel to National Meetings 



500 



Publication costs 



250 

* 


Sub-Total 

f or 

C 

$ 750 



D. 


• - • Runnlnc Total of ft + B + C 

Permanent Equipment 
2 Ani'.ial Smoking Masks @$250 each 

• Sub-Total for D 


532,750 


_500 

$_300 


E. Indirect Costs (15% of A + B + O' 

TOTAL REQUEST 


4,313 

538,163 


15 . ESTIMATED FUTURE REQUIREMENTS : 

• Salaries Consumable .Other 
' ’ Supplies Expenses 

Year 2 $4,500 $750 

Year 3 $4,500 $750 

^iZ'tZD 



Permanent 

Equipment 

- 0 - • 

- 0 - 


Indirect x „, - 
„ j. Total 

Costs — 

$5,280 $40,538 

$5,508 $42,838 
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16. OTHER SOURCES OF FINANCIAL SUPPORT: 




CURRENTLY ACTIVE 



Title of Project 

Source 

Amount 

Inclusive 

Dates 

• • Etioloqv of Experimental 
Emphysema* 

N.I.H. - HE 13787-01 

$140,000 

5/1/71 to 
4/30/74 

Structure, Function and 
Synthesis of Cell Membranes 

N.I.H. - K04-GM-07259- 

04 

$23,000 

7/1/69 to 
6/30/74 


V V 


-8r».~ v * 

PENDING OR PLANNED 


Inclusive 

'•V-- Title of Project 

Source 

Amount 

Dates 

Renewal 

N.I.H. - HE 13787-04 

$150,000 

5/1/74 to 
4/30/77 


c 


It is understood that the investigator and 
institutional officers in applying for a 
grant have read and accept the Council ! s 
"Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are 
Made. 11 


Checks payable to: 

Mr* Jerome Baron, Vice-President for 

Fiscal Affairs 

Mailing address for checks: 

Albert Einstein Medical Center - N*D* 
York & Tabor Roads, Phila., Pa* 19141 


Principal Investigators: 

George trieinbaum, Ph„D» _ 

Philip Kimbel, H*D'* 

Date 

Date if1 2 

Responsible officer of institution 

Mr. Steven Sieverts _ 

General Director _ 

Signatui-if: J v —. —- / . 

/d~-LLLLLl A Date 
Telephone -'215 DA 9-0700 Ext/ 3&L 
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The Council For Tobacco Researcii-U.S.A., Inc. 


t 


January 21, 1974 


Grant application No. 310R13 
CARDIOVASCULAR 


To: The committee comprising Drs. Jacobson, Liebow and Scmmers 

Subject: Richard J. Bing, Huntington Memorial Hospital, Pasadena 
Application No. 310R13 

"Mechanisms of the Action of Carbon Monoxide on Atherosclerosis" 


History * 


C1R has supported this investigator since 1955. His current level 
of support is $39>893 a year. 


Request 

Application #31QR13 requests $45,293. Dr. Bing states the increase 
is due to "...increasing cost of supplies as well as the inflationary spiral 
concerning salaries." 

Dr. Bing's current grant was made "...without any assurance of 
further support beyond June 30, 1974." Nevertheless the long tradition is 
maintained of retaining his low number and consecutive numbering of repeated 
renewals. 


Documents Submitted (attached) 

1-Application dated 1 / 17 / 74 . 


2-Progress report #4, June 30, 1973 - July 1, 1974. 


Comment 


Reprints or manuscripts of the numerous recent publications listed 
by Dr. Bing are available. These have been, or will be sent to you as part 
of the regular ongoing distribution to SAB members. 



FWN:gh 


Ends. 
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The Council For Tobacco Research-U.S.A„ Inc. 


1X0 EAST 50TH STREET 
NEW YORK. X. r, 10022 
(212) 421-8885 


Application For Renewal of Research Grant 
(Use extra pages as needed) 

First Renewal Q Second Renewal Q 



Dale: 1/17/74 


1. Principal Investigator (give title and degrees): 


2. Institution & address: 


Richard J. Bing, M,D* 

Professor of Medicine, University of Southern California 
Director of Cardiology and Intramural Medicine, 
Huntington Memorial Hospital 
Visiting Associate in Biomedical Engineering, 

California Institute of Technology 


Huntington Memorial Hospital 
100 Congress Street 
Pasadena, California 91105 


3r Departmenf(s) where research will be done or collaboration provided: 


Huntington Institute of Applied Medical Research 
Huntington 24 emorial Hospital 

4. Short title of study: 

Mechanisms of the Action of Carbon Monoxide on Atherosclerosis 


5. Proposed renewal date: July 1, 197^ 

6. How results to date have changed earlier specific research aims: 

This is a continuation of the work sponsored during the last year. 
New elements introduced concern the study of the mechanism of the 
effect of carbon monoxide. 


7. How results to date have changed earlier working hypothesis: 

The effect of carbon monoxide on cholesterol uptake by human coronary 
arteries has now been clearly established. The proposed work is based 
on these findings. 




• * • ^*'*1 
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* 8. Any additional facilities now required? Describe briefly: 

■ None. 


9. Any changes in personnel? Append biographical sketches of new key professional personnel: 

The biochemical execution of this work is now under the supervision 
of Dr. J.S. Sanaa, whose curriculum vitae is enclosed. The other 
key personnel will remain the same with the exception of Dr, S. Ikeda 
who replaced Dr, J.M. Fauvel. The overall direction of this project 
remains with Dr. Richard Bing, the principal investigator. 




TO. Append outline of experimental protocol for ensuing year. See enclosed. 

Tl. List publications or papers in press resulting from this or closely related work, (append reprints or manuscripts 
not previously sent). see enclosed. 


3 


12. Summary progress report (append in standard form as separate document, unless recently submitted). 


see enclosed. 
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13. Budget for the coming year; 

A. Salaries (give names or state "to be recruited") 
Professional (give % time of investigator(s) 
J ‘ ' even if no salary requested) 


% time 


J.S. Sarma, Ph.D. . 90$ 
Fringe Benefits 

H. Tillmanns, M.D. 30$ 
S• Ikeda, M.D. 30% 
R. J. Bing, M.D, 70$ 


* **** 

Amount 


35 

d 




?rs 


Technical 

A. Grenier, M. S. ^ 

100% 

tEJ 

Fringe Benefits 

n 

K. Seeler, M. S. 

70% 

v* 

H. Hansen, B. A. 

30% 

VI 


c 


) 


Sob-Total for A 

B. Consumable supplies (by major categories) 

Isotopes, reagents, enzymes, catheters, syringes, 
perfusion pump repair, general chemicals 


$£DA€T£& 



Sub-Total for B 0,500. 

C. Other expenses (itemize) 


Expenses in obtaining arteries and veins and for 

histological examination 2,000 


D. Permanent equipment (itemize) 

Lindbergh Pump 


Sub-Tata! for C 2,000 

Running Total of A + B + C $^8,690 

800 


3 


E. Indirect costs (15% of A+B+C) 


Sub-Total for 0 _ 800 

e 5 ,803 

Total request ’ *-93 
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14. Other sources of fmonciol support. 

Ust financiol support from all sources, including own institution, for this ond related research projects. 

CURRENTLY ACTIVE 

Source Inclusive 


c 


Title of Project 

(give gront numbers) 

Amount 

Dotes 

"The Effect of Alcohol on the 

National Institutes of 



Heart" 

Health, AA00304-02 

$38,700 

1/1/72 to 4/30/74 

*Ehe Coronary Microcirculatioi 

Margaret W* and Herbert 




Hoover, Jr, Foundation 

$34,000 

3/1/73 to 2/28/74 

* 

_ 

PENDING OR PUNNED 


• 


Source 


Inclusive 

Title of Project 

(give grant numbers) 

Amount 

Dotes | 

"The Effect of Alcohol on the 



L 

Heart" 

National Institutes of 




Health, 5 R01 AA0O304-O2 

$58,868 

5/1/74 to 4/30/77 




r 


h is understood that the tnveshgator ond institutional 
officers in applying for o gram have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made " 


Checks payable to 

. ^ ^untington Memorial Hospital _ 

Moiling address for check: 

Huntington Memorial Hospital _ 

1 HO Congress St., Pasadena. California 91 105 

.. * 


Principol investigator 

Typed Nome Richard J, Bing, M.D, 


Signature _ 
Telephone _ 




H i 


Dot • JiLi- 


.Hid) 


Ar*« Code 

Responsible officer ofiinstitution 
Typed Name Mel' S. Ortmann 
Title_Man ager 


796-0371 526 


i&j *r 


Signotur 
Telephone. 


ifoOat' y 

(213) 796-0371 *' 510 


Aft* Cod* 




*n .♦ J 


. r 'CV.' 
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? ‘iy;> 

■ * 


, r 

■ *v 


h* 

O 

O 

co 

rC/1 

o 
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M 
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m 
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CURRICULUM' VITAE 
J* 3* M. S&nnft, Fh«l)i 


PERSONAL 

Age: 


Birthplace: 


R 


craiovcsa 




EDUCATION 

B. S.c., Andhra University, Walt air, India 

M. S., Andhra University, Waltair, India 

Ph.D., Andhra University, Waltair, India 

Research Associate, Wayne State University (1969-1972) 
under the direction of Dr. John P. Oliver, department of 
Chemistry. 


caioviaa 


* J-V7V. 


Presently in charge of biochemical and chemical cardiac 

research at the Huntington Institute of Applied Medical Research; affiliated 
with the California Institute of Technology* 


HONORS 


Graduated with honors form Andhra University, Waltair, India, 
Received government of India Research Fellowship Award, August 
1965 to July 1968, 

PUBLICATIONS 


1. Sanaa, J.S.M*: Nuclear magnetic resonance spectrum of azulene: 
Calculation of chemical shifts by Johnson and Bovey's method. 
Ind. J. Pure & Appl. Phys„, 4:365, 1966, 


2. Sarma, J.S.M., Hashimoto, H., TiUmanns, H., Mao, J.C., Bing, 

R.J.: Lipid metabolism in perfused human nonatherosclerotic 
coronary arteries and saphenous veins. Atherosclerosis, Jan. 1974* 

3- Tillmanns, H., Ikeda, S., Hansen, H., Sarma, J.S.M., Fauvel, J.M. 
Bing, R. J.: Microcirculation in the ventricle of the dog and turtle. 
Submitted to Circulation Research. . * . - *’* *• * . * " 

4. Sarma, J.S.M., Tillmanns, H., Ikeda, S., Bing, R.J.: The effect 
of carbon monoxide on lipid metabolism of human coronary arteries* 
Submitted to Atherosclerosis. , 
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PUBLICATIONS CCOTimJED 

6. Sarma, J.S.H,, Oliver, J.P.: Calorimetric and proton 
^ magnetic resonance studies on the complexes of 3/5-Lutidine 
with boron trihalides (in preparation)* * \ 
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APPLICATION FOR RENEWAL OF RESEARCH GRANT 


Richard J. Bing, M.D. 

Huntington Memorial Hospital 
100 Congress Street 
Pasadena, California 91105 

% ' . 

Project Title: The Mechanism of Increased Cholesterol Uptake 
by Coronary Arteries (In Vitro Studies) 


Background of Proposed Work 

As described in our Progress Report, we have now established the 
fact that'human coronary arteries do not synthesize cholesterol, but 
that cholesterol is transferred directly into the vascular wall from 
the blood or from the perfusion fluid. In similar studies using 
saphenous veins, we were able to show that these veins taken from 
humans during operations also take up cholesterol from the perfusate, 
the degree of uptake depending on the perfusion pressure. We found 
that nicotine fails to influence cholesterol uptake or lipid synthesis; 
finally we established the fact that carbon monoxide leads to a marked 
increase in cholesterol uptake of human coronary arteries beginning at 
a concentration o f 5% carbon monoxide i n the perfusion fluid. 

Apparently carbon monoxide does not interfere with lipid synthesis 
in the arterial wall. Our results were obtained on human coronary 
arteries, since it was discovered that there exist marked species differences 
as between blood vessels of different species. 





The work on carbon monoxide was of particular interest since it 
demonstrated that carboxyhemoglobin increases the permeability of human 
coronary arteries to cholesterol. In this respect, CO acts similar to 
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.;?Y: .-.n,:. hypoxia, but its effect is more pronounced. Parving also studied the 

transvascular protein flux during carbon monoxide exposure and confirmed 
that the disappearance rate from blood of 131 I-albumin increased about 50% 

' r iV, j;. x * .• . 

:i;' after three hours of exposure to 20-25% carboxyhemoglobin. Astrup 
if: . demonstrated that hypoxia as well as carbon monoxide significantly increase 

Y : a,• 

. i the permeability of endothelial membranes. For example, rabbits, when 

A -exposed to carbon monoxide, develop arterial lesions resulting in a 

•yjo/, 

considerable accumulation of lipids. They also demonstrated that these 
. animals often accumulated fluid with a high protein content, with a 

picture of subendothelial edema. Pauli found that carbon monoxide 


, ;/fc" '■<( ; 


exposure (20-25% carboxyhemoglobin) led to a 50% increase in glomerular 
filtration rate. 








The results as presented in our Progress Report and to be published 
in the Journal of Atherosclerosis Research agree in general with these 
animal studies, demonstrating that the permeability of vascular wall of 
human coronary arteries is altered by carbon monoxide. Although our 
experiments were conducted in vitro, we interpreted our finding of 
increased cholesterol uptake under the influence of carbon monoxide as 
indicating increased permeability of the arterial endothelial layer to 
cholesterol flux. If one adheres to the concept that cholesterol is 
actively transported in the vascular wall, our findings imply that 
biochemical factors controlling the permeability of the arterial wall 
may be altered by CO. On the other hand, many studies suggest that 
lipid transport across the arterial wall is a purely passive physico¬ 
chemical process. If this is the case, then it could be assumed that CO 




m 
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modifies those factors which result in an increase in endothelial 
permeability. As we mentioned in our Progress Report and our publications, 
no difference in cholesterol uptake was found using two different levels 
(5 and 90%) of carbon monoxide in the perfusion fluid. This suggests 
that the rate of cholesterol uptake under these experimental conditions 
is an all or none process. Furthermore, no influence of carbon monoxide 
on lipid synthesis in the arterial walls could be demonstrated in our 
studies. ' 

It is the aim of this investigation to study the mechanism 
of increased cholesterol uptake under the influence of carbon monoxide 
using techniques developed in this laboratory. We feel that the principal 
advantages of our methods are: 1) the experiments are conducted in vitro, 
so that individual 1 factors can be separate, 2) we can study the effects 
of various concentrations of carbon monoxide, 3) we can employ arteries 
from all species, including human coronary arteries; and 4) we can alter 
at will the hemodynamic conditions with which the vessels are perfused. 





■ . *T; 




Proposed Work 

The aim of our proposed investigation is a study of the mechanism 
of carbon monoxide on cholesterol transfer in perfused coronary arteries. 

The study may be divided into two approaches: 1) physico-chemical 
mechanisms, and 2) the study of hemodynamic causes of increased cholesterol 
transfer. As indicated in the previous paragraphs, describing the 
background of our work, carbon monoxide does interfere with the transfer 


»■* 
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o 

CO 


of cholesterol across the arterial wall of human coronary arteries. This . VCA 

■ - 1 ' • ’ ' • ■ • ■ 
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occurs regardless of concentration of carbon monoxide in arterial blood, 
as long as minimal concentration of from 5-8% is present in the perfusate. 
The questions to be examined are: a) Can increased permeability be 
artificially produced? These studies will be carried out using 
collagenase, an enzyme, which has been shown by Jaffe and his associates 
(Journal of Clinical Investigation 52:2745, 1973) to lead to digestion of 
portions of the vascular wall, the degree of change depending on the 
time to which these vessels are exposed to the enzyme. Thus, for example, 
it was shown that in specimens examined after collagenase treatment, 
the endothelial cell lining was electively lost, leaving the basement 









membrane and underlying structures intact. If, however, collagenase 
was used in conjunction with manipulation of the vascular wall, the 
basement membrane was also destroyed. 

In a recent series of experiments, the effect of hypoxia on the 
penetration of cholesterol in the vascular wall will be tested. As 
mentioned above, there are reasons to believe that the effects of - 
carbon monoxide are at least in part due to hypoxia. For example, 
Ayres and associates (Archives of Environmental Health 26:8, 1973), 
demonstrated that the effects of carbon monoxide are primarily related 
to the leftward shift of the oxygen hemoglobin curve and perhaps also 
to combinations of carbon monoxide with myoglobin and certain iron- 
containing enzymes. Hemoglobin-oxygen equilibria in the presence of 
carboxyhemoglobin resemble the equilibria of more primitive forms of 
hemoglobin. The oxygen capacity of the blood is decreased, and there 
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occurs an increase in coronary blood flow and in cardiac output. 

Britton Chance and Williams demonstrated that a change in respiratory 
rate produced an alteration in the redox state of the respiratory chain. 

The relative availability of oxygen, hydrogen-containing substrate, 
inorganic phosphate and adenosine diphosphate determined whether the chain 
is more or less oxidized. Since the absorption spectra of respiratory 
enzymes vary with their redox state, the degree of oxidation may be 
estimated*by spectrophotometric techniques. Therefore, it has been of 
some concern that carbon monoxide may interfere with the function of all 
three iron-containing respiratory pigments, hemoglobin, myoglobin and 
certain cytochromes. This would indicate that CO not only affects 
permeability of vascular walls, but also cellular respiration directly. 

A parallel phase of this investigation will be concerned with the 
role of hemodynamic factors in the "uptake" or penetration of cholesterol 
in the arterial wall. This has also been found to be of importance in 
the mechanism of atherosclerosis. 

There are a number of publications dealing with hemodynamic factors 
in atherogenesis. They are summarized in a paper by Gessner in Circulation 
Research 33:259, 1973. Several factors are mentioned hero which' could 
influence transfer of cholesterol from the blood or the perfusion fluid 
into the vascular wall. They are the Reynolds number, an actually 
dimensionless number, which is indicative of the ratio of inertial forces 
to viscous forces. The Reynolds number can be mathematically defined 
from the mean velocity averaged over the tube cross-section, the internal 
diameter of the tube, the density of the fluid, and the absolute viscosity 
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of the fluid. For viscous flow within a tube, the flow motion near the 

wall is retarded and a boundary layer developes. In essence therefore 

we have to examine the laminas to turbulent transitional behavior in a 
% * 

pulsatile flow. 

The second factor which may alter vascular permeability to 
cholesterol is pressure and flow related. It is known that atheromatous 
plaques appear in regions of low pressure because a suction action exerted 
on the surface endothelium eventually causes the layers to selectively 
separate from adjacent tissue. This factor can be easily tested in our 
in vitro preparations. 

The third mechanism exerts itself through wall shear stress. 

This leads to erosion of the endothelium occurring at sites where the 
local wall shear stress is relatively high. The theory usually considers 
simultaneous mechanisirs by wh’ich arterial wall cholesterol levels may be 
altered. 

Therefore, there must be a series of events which lead to an influx 
of cholesterol from blood into the vascular wall. There is also the 
possibility of an opposite movement of cholesterol (from the vascular 
wall into the blood). 



Method of Procedure 




The in vitro system of perfusion of human and animal coronary 
arteries published in three reports from this laboratory will again 
be utilized; however, both human and dog arteries will be used in these 
experiments. The reason why we can utilize animal arteries, which 


synthesize cholesterol, is that one can determine in the control as 
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well as in the experimental series the ratio of 14 C cholesterol/ 3 !! cholesterol 
in arterial walls. By means of this ratio one can derive de novo synthesis 

3 ' V . 

of lipids in the arterial wall; H cholesterol represents cholesterol 
moved directly from the perfusate into the arterial wall, 14 C uptake • 

represents de novo synthesis. The arteries will be perfused in a modified •’ < ’V 

Carrel-Lindbergh pump at pulsatile pressure. They are perfused at pressures 
of about 120/80 mmHg, in those experiments in which the effect of collagenase 
and hypoxia are tested. 



In the experiments in which we measure the effect of hemodynamic 
factors, perfusion and flow rates can be changed at will. Diluted fresh 
blood, either dog or human blood will be used in the perfusate. 

Sterile techniques will be used during the preparation of perfusion, 
which will be carried out over a period of four hours at 37° centigrade. 

The gas which drives the fluid through the artery and which will come into 
the equilibrium with the perfusion fluid consists of 5% CC>2, 25% oxygen and 
70% nitrogen. To the perfusion fluid will be added 2-* 4 C sodium acetate and 
cholesterol, 1, 2- 3 H. Cholesterol will be added through sonication as 
described by us in previous reports. It was shown by us that tritium 
radioactivity is located primarily in the alpha-2-lipoprotein and in 
the 6-lipoprotein fraction of the perfusion fluid. Lipids will be analyzed 
in the perfusion fluid prior to and following perfusion. Analyses will be 
carried out on the blood vessels and the extraction of the lipids will 
be carried out according to the method of Folch. Separation of the lipids 
will be accomplished by means of thin-layer chromatography on silica gel 


according to the method of Freeman and West. Radioactivity of the eluate i: 


. ; .w ; , 
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will be determined in a scintillation vial and counted in a Tri-carb liquid 

scintillation spectrometer. The method of Zak will be used for the 

determination of cholesterol. Phospholipids are analyzed according to the 
> 

method of Lowry modified by Wagner. The blood vessels will be analyzed 
for lipid synthesis as well as for cholesterol and cholesterol esters 
uptake for reasons described (to establish the ratio of cholesterol 
over % cholesterol). Statistical analyses will be used to evaluate 
the results. 

In the series where the effect of hypoxia will be studied, one 
vessel from the same patient or the same animal will be perfused 
with plasma previously made oxygen free, the other artery will be 
perfused at normal oxygen saturation and tension. The analytical 
procedures will be identical to those described above. For the 
hemodynamic experiments, which will deal with an investigation of 
the effect of changes in the Reynolds number and pressures and flow, 
alterations in the Reynolds number will result from partial constriction 
of the perfused vessel, so as to produce turbulence above and below the 
vessel. The Reynolds number will de determined as described above. 

Pressures and flow can be altered by devices inherent in the mechanism 
of the pump. 



Significance of this Work 

Studies presented in the progress report have demonstrated that 
carbon monoxide in various concentration increases cholesterol transport 
from perfusate into the wall of human coronary arteries. The significance • . 
of the planned work is to investigate mechanisms by means of which this 
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is brought about. Consequently, although the main thrust of the previous 
project was directed toward the effect of carbon monoxide, the finding 
thus obtained now makes possible an investigation of the more general 
implications of the effect of carbon monoxide on the production of 
atherosclerosis in human and animal coronary arteries. 

For the first time coronary arteries from species other than man 
can be employed by virtue of the fact that the calculation of the 
ratio of cholesterol to ^H-cholesterol in the vascular wall makes 
possible determinations of the amount of cholesterol transported into 
the coronary arteries of animals regardless of wether or not cholesterol 
is synthesized. A separation of chemical and hemodynamic factors which 
may influence cholesterol transfer appears to be of particular importance. 
Chemical factors responsible for cholesterol transport can be studied by 
partial destruction of the vascular wall by means of collagenase; the 
effects thus obtained on cholesterol transfer can be compared with those 
of hypoxia. The hemodyanmic effects are important because they too, 
in addition to CO, may play a role in the production of atherosclerosis. 
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NEW YORK. N. Y. 10022 ' } 

(212) 421-8885 


Application for Research Grant j 
(Use extra pages as needed) u \\ 


AUG 2 9 1973 




Ekj^LLiiil ti itei’M 
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M 


1. Principal Investigator (give title and degrees): 

R. G. Mason, M.D., Ph.D., Professor 


2. Institution & address: 

University of North Carolina 
Chapel Hill, N. C. 27514 


3. Department(s) where research will be done or collbboration provided: 

■ i . . . - 'i 

Department of Pathology 

4. Short title of study: 

Effects of nicotine on interactions of platelets and endothelial cells 

( 

5. Proposed starting date: January 1, 1974 

6. Estimated time to complete: December 31, 1976 

7. Brief description of specific research aims: 

We propose to test the hypothesis that nicotine influences the reactivity of •“ 
endothelial cells with platelets and of platelets with each other. Research 
in four interrelated areas will be performed: 

a. Comparison of ultrastructure, protein and glycoprotein components, and 

reactivity with platelets of endothelial cells recovered from human artery, 
peripheral vein or human umbilical cord and of those harvested from tissue 
culture. 


b. Development and standardization of an in vitro model for endothelial cell- 
platelet adhesion. This model will be used in a study of the effects of 
nicotine, platelet aggregating agents, certain enzymes, and other agents on 
reactivity of endothelial cells with platelets. The basic approach will be to 
determine what is required to render endothelial cells attractive to platelets. 

c. Investigation of possible "endothelial supporting" function of platelets 
and how this may be influenced by nicotine. 
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(cont.) 

d. Characterization and further studies of an agent of endothelial 

cell origin which inhibits aggregation of platelets induced by a wide 
spectrum of agents. Effects of nicotine on the levels, release, and 
reactivity of this inhibitor* will be studied. " • j 

e. In vivo studies of endothelial cell-platelet interaction in the micro¬ 
vasculature of hamster and spider monkey with investigation of 
effects of nicotine, aggregating agents, anticoagulants, antithrombotic 
agents, and certain enzyme preparations. 

r _ ’ . . ‘ ‘ 

In all of the proposed studies, emphasis will be placed on correlation 
of function with ultrastructure. The investigations will be carried 
out by a group composed of workers with special training in the areas of 
cell biology, pathology, biochemistry, biophysics, and electron microscopy. 


Vf ; Vv 
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8. Brief statement of working hypothesis: 

An understanding of the functions of endothelium in prevention of thrombosis should 
permit more effective control of this major health problem. Endothelium is thought to * 

. , present a surface highly compatible with blood. Whether this property of endothelium : v 
f resides in the molecular constitution of the outer layers of the cell's plasma membrane J 
or is brought about by various inhibitors released by these cells, or both, is unknown. ^ 
£V Knowledge of the molecular composition of the endothelial cell plasma membrane gained 
by disc electrophoretic studies of surface glycopeptides released by treatment with 
~ proteolytic enzymes should assist in synthesis of biomaterials more compatible with 
blood than those currently available. Possible effects of nicotine on membrane 
components of endothelial cells or platelets could alter their mutual reactivity. 

Similar benefit should derive from sodium dodecyl sulfate (SDS) gel electrophoretic 






w; 


studies of endothelial cell constituents which will characterize cell proteins and 
'.permit identification of those proteins exposed to the outer surfaces of the plasma 
membrane. Knowledge of conditions under which platelets may adhere to endothelial - 
"cells should permit identification of agents to inhibit the phenomenon. Comparison 
?,' ■ of studies with endothelial cells recovered from umbilical cord vein with endothelial 
? cells grown in tissue culture should be most productive and helpful in the proposed 
• studies since the former do not adhere to platelets while the latter are said to do 
: so.l/' Finally, knowledge of substances of endothelial cell origin which inhibit 

platelet aggregation or adhesion and effects of nicotine upon these should prove 
; 9. Details of experimental design and procedures (append extra pages as necessary) 

, ki;’ A. Experimental design and procedures are listed in each of five interrelated areas 
'S!?' r® of research.-----!-- — i&gfc 







1. Comparison of endothelial cells recovered from human artery, peripheral veitu 
' ; 51 aid umbilical cord vein with endothelial cells grown in tissue culture . Endo- 
. / thelial cells from these 3 sources will be compared ultrastructurally and 
for differences in electrophoretic mobility, protein and glycoprotein com¬ 
position, and reactivity with platelets in both the presence and absence of 
nicotine. These initial studies will be performed to delineate detectable 
differences between the three types of endothelial cells and detectable 
effects of nicotine. Only limited studies can be performed with cells 
recovered from artery or peripheral veins due to obvious difficulties in 
obtaining specimens within 1 to 2 hours after death. Human umbilical cords 
■ . can be obtained easily in quantities of 2 to 3 per day, hence endothelial 

cells recovered from umbilical cord veins will be available for most studies. 
Endothelial cells of umbilical cord vein and of arterial or peripheral vein 
origin which have been grown in tissue culture will be available in numbers 
adequate for all proposed studies. 




■mm 




c 




Representative samples of the 3 types of endothelial cells will be examined in- 
the . presence and absence of nicotine by transmission, electron microscopy 
(TEM) for comparison of ultrastructure. Comparison will also be made with 
the ultrastructure of endothelial cells in situ in various anteries, 
peripheral veins, and umbilical cord vein. The 3 types of endothelial cells 
will be compared also by freeze-etch (FE) techniques. Special attention in 
FE studies will be paid to the outer surface of the plasma membrane of each 
cell type and a careful search will be made for surface membrane associated 
particles. 


O 

8 


Use of endothelial cells recovered from umbilical cord vein by collagenase ■ 
.treatment will provide useful contrast with use of endothelial cells grown 
in tissue culture. Platelets do not adhere to endothelial cells recovered 

- y- X ■ y- . - y'; . i- 


Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 









2a 


8. (cont.) 

valuable not only in furthering our understanding of mechanisms of thrombosis 
but also in our search for more effective antithrombotic agents for clinical 
- use. 


9. (cont.) 

from umbilical veins even if aggregating agents are added, while they are 
reported to react with tissue culture endothelial cells under such 
conditions.! Effects of nicotine on cellular interactions will be 
determined. Comparison of protein and glycoprotein SDS gel disc 
electrophoretic patterns obtained from homogenates of each of the various 
types of endothelial ceils will be carried out and effects of nicotine 
determined. This will permit detection of loss or gain of components 
of cells grown in tissue culture as well as detection of differences in 
patterns of samples from cells isolated by use of collagenase (umbilical 
cord vein cells) or by use of trypsin (vena cava cells). Further, 
proteins exposed on the outer surface of endothelial cells now can be 
labelled and identified. 

The aggregometer will be used to compare further the reactivity of the 
3 types of endothelial cells with platelets and effects of nicotine on 
their reactivity. Each endothelial cell type will be stirred at 1000 
RPM at 37°C with citrated or heparinized platelet-rich plasma (PRP) or 
with plasma-free platelets suspended in Ca ++ -Mg ++ -free Tyrode's solution 
(modified Tyrode's solution or MTS). Mixtures will be checked photo¬ 
metrically for adhesion of endothelial cells to platelets during stirring 
and by phase-contrast microscopy at the termination of stirring. 

Comparison of the 3 types of endothelial cells in the presence and 
absence of nicotine will provide information on at least some of the 
alterations which may occur in these cells as they are isolated from 
blood vessels and as they grow in tissue culture. This should permit 
more judicious use of tissue culture endothelial cells in future work. 

Extension of studies of tissue culture endothelial cells and effects of 
nicotine in future years would include work to develop conditions for 
tissue culture growth of endothelial cells from adult venous and arterial 
segments from lung, liver, and spleen. 

2. In Vitro Interactions of Endothelial Cells and Platelets. 


a. Design and standardization of a model for endothelial cell-platelet 
interaction . The model consists of mixing endothelial cells in MTS 
with platelets in plasma or with isolated platelets in MTS. The 
mixture is stirred at 1000 RPM at 37°C in an aggregometer and changes 
in light transmitted through the mixture are detected by a photocell 
in the instrument. The following will be investigated: 


1) Effects of alteration of speed of stirring over the range 100 

to 2000 RPM. - . 

2) Effects of alteration in temperature. Experiments will be 
conducted with cell mixtures at 15°, 23°, and 37°. 
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3) Effects of alteration in pH by use of appropriate buffers over 
the range pH 5-10 (barbital-sodium acetate buffer, pH 3-9; 
citrate-phosphate-borate buffer, pH 2-12; phosphate buffer, 

pH 5-8; imidazole buffer, pH 7.2-9). 

4) Effects of alteration in ionic strength. Molar NaCl will be 
added in amounts sufficient to alter ionic strength over the 
range of normal to 3 times normal. One hundredth molar NaCl' 
will be added in quantities sufficient to lower ionic strength 
over the range from normal to one-fourth normal. 

5) Effects of various surfaces. Tests will be conducted in glass, 
glow discharge-treated glass, polyethylene oxide-treated glass, 
silicone-coated glass, polycarbonate, and styrene tubes and with 
Teflon, polyethylene, or poly (vinyl chloride)-covered stirring 
bars. Platelets are known to adhere to various artificial 
surfaces and such adhesion may produce release of various platelet 
components such as ADP and serotonin. 

In each of the above, studies will be conducted both in the 
presence and absence of low levels of nicotine. 

These studies should permit standardization of the model (hereafter 
referred to as the model system) and give us knowledge of which 
variables we should monitor most closely in future work. 

Effects of platelet aggregating agents on endothelial cells and on 
interaction of platelets and endothelium . Endothelial cells- of each 
type (cells isolated from umbilical cord vein or grown in tissue 
culture) will be incubated at 37°C without stirring with the following 
aggregating agents: ADP (1CT 3 to 10" 7 M) , collagen, epinephrine 
(10" 3 to 10" 7 M), serotonin (10~ 3 to 10" 7 M), or thrombin (0.05 to 
5 Iowa units/ml). Following this incubation period, the cell's will 
be added directly to stirring PRP, except in work with higher levels 
or thrombin, or they will be washed 3 times in MTS and then added to 
stirring PRP to determine if adhesion of platelets to treated 
endothelial cells occurs. Likewise, platelets will be incubated 
with' aggregating agents at 37°C without stirring and experiments 
similar to those described above will be performed. Platelet aggre¬ 
gation and platelet-endothelial cell adhesion will be detected' by 
the aggregometer. Adhesion of platelets to endothelium will be 
evaluated also by phase-contrast microscopy. If only adhesion of 
platelets to endothelium and not aggregation of platelets occurs, 
this can be followed by alteration of light transmission in the 
aggregometer. If platelets aggregate in addition to adhering to 
endothelium, adhesion can be monitored by phase-contrast microscopy. 

In each case, the platelets and endothelial cells will be examined by 
TEM and by FE if adhesion occurs. The above tests will be conducted 
both in the presence and absence of nicotine in order to determine 
whether this agent influences platelet-platelet or platelet-endothelial 
cell interaction. Further experiments will be conducted with PRP from 
patients congenitally deficient in fibrinogen. Factor VII, Factor r 
VIII, Factor IX, Factor X, or Factor XII, with PRP from patients 
receiving dicumarol therapy, and with PRP from patients homozygous 
for von Willebrand's disease to determine any possible role of the v 
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intrinsic coagulation system or von Willebrand's factor in the 
adhesion reaction. In the same manner, PRP from patients with ■ . 

thrombasthenia will be studied to determine reactivity of these 
defective platelets with endothelium. Similarly, studies will be 
conducted with platelets isolated by gel filtration and suspended 
in MTS in an attempt to identify cofactors for the reaction such 
as divalent cations or fibrinogen. The latter studies will be v ' 
conducted by use of purified preparations of albumin, fibrinogen, 
and gamma G globulin. These studies will extend preliminary work 
reported in Appendix I. . ... K*, •' i ~ 

• • • • ,i.-h 

Effects of enzymatic alteration of surface constituents of endo- 
thelial cells or platelets . Endothelial cells or isolated platelets 
in citrated MTS will be incubated at 37°C in the presence and absence 
of nico'tine with low concentrations of the following: neuraminidase 
(1-100 units/ml), thrombin (0.01-10 Iowa units/ml), trypsin (.01-1 
mg/ml), papain (0.1-10 mg/ml), plasmin (0.05-5 mg/ml), or collagenase ■ 

(0.05-2.0 mg/ml). Following incubation the endothelial cells or 'T-. 

platelets will be washed 4x in MTS, resuspended in MTS, and evaluated 
in the model system for the presence or absence of adhesion between • '- / - 
cell types. Neuraminidase removes sialic acid thus reducing the ; 
overall net negative charge on cells. Trypsin and papain remove . -' 
polypeptides and glycopeptides from the outer layers of the plasma 
membrane. Plasmin attacks fibrinogen, a platelet plasma membrane 
constituent which plays an important role in aggregation reactions! - , 
Collagenase is of interest primarily because of its use in recovery 
of endothelial cells from the umbilical cord vein. The enzyme 
preparations to be used will be purified but not entirely free of 
contaminants, a fact to be remembered in evaluation of data obtained ~ 

in this work. 


■*'d 


Polypeptides and glycopeptides liberated from both endothelial cells 
and platelets by treatment with enzymes, especially collagenase, :s . 4 

thrombin, papain, and trypsin, will be characterized by polyacrylamide 
gel disc electrophoresis of supernates of enzyme-treated cells. 'Further, 
proteins obtained by SDS treatment of control and enzyme-treated cells' ; ; 
can be characterized by electrophoresis in SDS containing gel. 

Proteins exposed on the outer surface of the endothelial cell or 
platelet plasma membrane can be labelled before exposure to enzymes to 
detect possible alteration in membrane geometry produced by enzyme 
treatment. This procedure will be used to determine whether the 
contractile protein of endothelial cells and platelets is exposed 
in part on the outer surfaces of these cells. 


Such studies hopefully will form the basis for future work on identi¬ 
fication of surface entities responsible for nonadhesion of endothelial 
cells and platelets and fox the high degree of blood compatibility 
of the endothelial cell. Studies similar to those planned here have 
been reported previously for platelets^ and for amoebae. 3 At 
the least we shall seek a correlation between loss of peptides and 
alteration of endothelial cell-platelet reactivity. At the most, 
could gain a clear understanding of protein and saccharide components 
of the outer reaches of the platelet plasma membrane. ' y- 
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In addition, when sufficient numbers of endothelial cells are 
available, we shall isolate cell membrane fractions in the presence 
and absence of nicotine by a glycerol loading technique and 
characterize the component proteins before and after enzyme treat¬ 
ment by use of SDS polyacrylamide gel disc electrophoresis. Use 
of dithiothreitol with SDS will permit more refined critical 
evaluation of disc electrophoretic patterns and changes which' may 
be produced in these. Staining gels with periodic acid-Schiff (PAS) 
will permit detection of alteration in glycoprotein components. 

Enzyme-treated cells will be studied also by whole cell electro¬ 
phoresis to detect alteration in surface charge and by TEM and FE 
to search for ultrastructural alterations. Especially sought for 
will be' alterations of membrane associated particles seen with FE 
techniques. In later phases of the proposed work we plan to 
investigate effects of certain other enzymes on interaction of endo¬ 
thelial cells and platelets. Such enzymes include chymotrypsin, 
elastase, hyaluronidase, acid and alkaline phosphatase, and 
phosholipase C. 





Effects of miscellaneous agents on endothelial cell-platelet ■- 

interaction . In the model system, a number of diverse agents will 
be evaluated for their effect on the interaction of endothelial cells 
and platelets in the presence and absence of nicotine. These agents .-^4^ 
include: heparin, protamine, polylysine, Reptilase, Arvin, and 

early and late fibrin degradation products (FDP). Heparin has a 
strong negative charge in addition to being an effective anticoagulant; 
and protamine, being positively charged, is a potent heparin- ' Y v ^ 

neutralizing agent. Polylysine is a positively charged polymer which 
reacts with cell surfaces. Reptilase and Arvin alter fibrinogen. V 

All of these agents including FDP affect blood coagulation, or * 

platelets, or both, and therefore may well influence endothelial •' 

cell-platelet interaction. Our chief aim is to determine conditions . 
under which the two cell types react. 


Inhibition of endothelial cell-platelet adhesion . Under conditions in 
which endothelial cells and platelets are found to adhere, we plan to 
investigate the effects of a wide spectrum of agents which belong to 
the general class of antithrombotic drugs. Each agent will be 
incubated with endothelial cells or platelets at 37°G for 1 min and 
for 30 min prior to use of the treated cells in the model system. 
Agents to be tested include: aspirin, atropine, sulfinpyrazone, 
phenylbutazone, cyproheptadine, imipramine, reserpine, phentolamine, 
dibenzyline, cocaine, parachoromercuribenzoate, promethazine, and 
prostaglandin E^. All of these agents, representing various 
pharmacologic classes,have been reported to inhibit platelet 
aggregation, and each will be tested in the concentration range 
10“ 3 to 10" 8 .M. Effects of nicotine on agents inhibiting platelet- 
endothelial cell adhesion will be determined. 


'•'* ‘ V* K>. 



Agents which inhibit adhesion of endothelial cells and platelets 
will be evaluated further by means of TEM and FE for possible • 


Use of both TEM and 
FE has been found most helpful in past evaluation of antithrombotic 


effects on ultrastructure of both cell types. 


agents. 
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f. Further studies will include investigation of the possible role of 
leukocytes or erythrocytes in endothelial cell-platelet reactions 
in the model system. Little is known of-possible interactions of 
leukocytes and platelets, although in the rabbit it has been shown 
that these cells can play a role in release of vasoactive amines 
from platelets. ' Initial studies will involve addition of buffy 
coat components to the model system in the presence and absence of 
nicotine to determine whether leukocytes affect the platelet- 
endothelial cell reaction. Erythrocytes in small numbers will also be 
added to the model system for determination of their possible effects. 


3. Investigation of Possible "Endothelial Supporting 1 ' Function of Platelets . : 
Endothelial cells grown in tissue culture with or without addition of .-‘V?. 

platelets to the culture medium will be evaluated for reactivity with 
isolated platelets or platelets in plasma in the model system. Studies 
will be conducted both in the presence and absence of nicotine. Protein 
patterns on gel disc electrophoresis will be compared using SDS- 
solubilized preparations of each of the two cell populations. Each 
cell population will be examined at intervals during growth for ultra- 
structural evidence of platelet incorporation into endothelial cells. 


4. Studies of an Endothelial Cell Component Which Iohibits Platelet • - --U. •- - 

Aggregation . Endothelial cells recovered from umbilical cord vein 
contain a substance which inhibits platelet aggregation. This activity, : . 
possibly a polypeptide, is heat labile (90°C, 10 min) and has an apparent 
molecular weight in the range 1600 to 6000. This antiaggregating activity 
can be detected easily by use of the aggregometer. 


a. Physical properties of the inhibitor. We propose to investigate 
further this activity by the following studies: 





1 ) 


2 ) 


Preliminary purification studies by use of filtration through . 

membranes of known porosity as well as use of classical ammonium 
sulfate fractionation and Sephadex G25 or G50 chromatography. 

We are limited somewhat by the small quantities of starting * ~ ^ 
material available, but we can obtain even now samples of © 

sufficient volume for preliminary work. Later it is hoped that © 
sufficient quantities of tissue culture endothelial cells can 
be produced to permit further studies of the inhibitor. This 
inhibitory activity is released from endothelial cells by 
freeze-thawing or by treatment with mixtures of platelets and 
aggregating agents. 


Cl 

8 

.3 


Gel disc electrophoresis of semipurified fractions to define 
contaminants and identify electrophoretic properties of the 
activity. Gel columns can be sliced to isolate component bands; 
each band or disc can be tested for antiaggregant activity by use 
of the aggregometer. 


3) 


Further purification can be carried out by use of appropriate 
Sephadex chromatography and Geon-Pevicon electrophoresis. Further 
purification steps will depend on the nature of the inhibitory • 
activity, its concentration in cells, and its 1 ’ 


stability, 


. 7* • . r . -l. *:•. , v -’r • V <• f* : 
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b. Investigation of mechanisms of release of the inhibitor . Further 
studies will be carried out to define conditions under which the 
inhibitory activity is released from endothelial cells. The 
aggregating agents thrombin, ADP, epinephrine, serotonin, and 
collagen, in a wide concentration range (vida supra) will be 
incubated in the presence and absence of nicotine with freshly V 

isolated endothelial cells and with endothelial cells grown in : 

tissue culture. Subsequently,cells will be removed by centrifuga- 
tion and the supernatant solutions assayed for ability to inhibit 
aggregation of platelets in plasma induced by standard concentrations 
of the aggregating agents. Cofactors for release of inhibitory ■■■■***$;*& 
acitivity such as divalent cations or certain plasma proteins will . v- 

be sought. Homogenization of endothelial cells will be used to iv' 

obtain 100% release of inhibitor. Inhibitors released 1 by homo¬ 
genization will be incubated with aggregating agents prior to their 
addition to platelets. Temporal studies will be conducted with a : t~.; 

range of concentrations of aggregating agents and inhibitors to 
characterize the type of inhibition which occurs. Efforts will be 
made to determine effects of the inhibitor on aggregating agents and 
on platelets. Possible effects of low levels of nicotine on content 
and release of the inhibitor will 1 be investigated as will effects of 
nicotine on the actions of the inhibitor. Endothelial' cells will be v< 
examined by TEM following release of the inhibitor in an effort to •' 

determine intracellular storage sites. Platelets will be examined 
by TEM and FE before and after exposure to the inhibitor and a search _. 
will be made for ultrastructural alteration, especially in the plasma 
membrane. 


c. Other possible effects of the antiaggregant activity . Antiaggregant 
activity released from endothelial cells will be tested for its 
effect on adhesion of platelets to glass or collagen, clot retraction, 
"phagocytosis,” adhesion of platelets to endothelial cells, and the 
platelet release reaction. In addition possible effects of the 
inhibitor on the intrinsic blood coagulation system will be sought 
by mixture of the inhibitor with normal plasma. Tests will be 
conducted both in the presence and absence of nicotine in each case. 

In Vivo Studies . In vivo studies of the interaction of endothelial cells 
and platelets and effects of nicotine on these interactions will be 
conducted in the microvasculature of the hamster cheek pouch. Later, if 
studies in a nonhuman primate are deemed necessary, similar studies can 
be conducted in the microcirculation of the mesentery of the spider 
monkey. The following investigations will be conducted: 


a. Effects of nicotine, ADP, epinephrine, or serotonin applied to 

venules iontophoretically or of thrombin infused in dilute solution . 
Concentrations of aggregating agents will be chosen to produce a 
standard nonocclusive mural" thrombotic deposit. Preliminary investi¬ 
gation indicates that this approach is feasible. Careful studies will 
be performed to determine optimal concentrations and rate of delivery 
for each aggregating agent. Effects of nicotine on formation of 
the standard mural thrombus will be studied. This model for mural' 

, thrombosis will be characterized thoroughly by TEM to elucidate 
relationships of endothelial cells, basement membrane and ot her 
^ vascular wall components, and platelets. The model will be based -^^££3* 



_ 
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b. Effects of infused enzymes on the model for mural thrombosis . 

Infusion of low concentrations of neuraminidase, trypsin, papain, 
plasmin, Arvin, or collagenase will be made to determine if removal 
of sialic acid, surface glycopeptides, or fibrinogen will alter the 
mural thrombus model. Collagenase and trypsin will be tested 
primarily to determine effects they may have on reactivity of endo¬ 
thelial cell-platelet interaction and will be correlated with 
similar in vitro studies. If altered endothelial cell reactivity 
results from enzyme treatment, studies will be conducted to determine 
effects of nicotine on this altered reactivity. 

c. Use of the mural thrombus model to test for effects of anticoagulant 
and antithrombotic agents. The antiaggregating activity of human 
endothelial cell origin will be assayed in the mural thrombus model 
in both hamster and spider monkey. If the inhibitory activity is 
effective under conditions of the test, the mural thrombus model could 
serve as a bioassay, and effects of nicotine on actions of the 
inhibitor in vivo would be sought. Additionally, heparin and the 
antithrombotic agents listed in n 2 .e." above will be tested for their 
effects on endothelial cell-platelet adhesion in the in vivo mural 

^ . thrombus model. Anti-aggregants will be given systemically, and a 

-,, wide concentration range of each agent will be investigated. Effects 

of test agents will be monitored by light microscopy, cinephoto- 
._ v micrography, and, in selected cases, by TEM. 

Methods of Procedure . 

We have entered into several aspects of research on endothelium during the 
past year. Dr. David Sharp, an intern and graduate student in experimental 
pathology in our department, spent the 1971-72 academic year working in the 
laboratory of Dr. G. V. R. Born in London. Under Dr. Born's supervision. Dr. 
Sharp has mastered the technique of iontophoresis ^ and learned to apply this 
in studies of the microcirculation of the hamster cheek pouch. Dr. Sharp has 
studied the ultrastructure of endothelium exposed to iontophoretically applied 
aggregating agents such as adenosine diphosphate (ADP)/ In addition, he 

spent one month in the laboratory of Dr. Arfors in Uppsala learning additional 
techniques used in research on the microcirculation.^ 


- 

V m&l 


Dr. Sabiha Saba, long a member of our research group, began in July, 1972 
a study of endothelial cells recovered from several sources. She has success¬ 
fully recovered endothelial cells from segments of canine aorta by use of low 
concentrations of trypsin. She has also recovered endothelial cells from 
human umbilical cord vein by use of collagenase and has used these cells in 
aggregometric studies with platelets in plasma and with isolated platelets. 
These studies, presented in an accompanying manuscript, show that platelets 
in plasma do not adhere to endothelial cells recovered from umbilical cord 
vein even if adenosine diphosphate (ADP) or epinephrine is added. Such 
endothelial cells do not adhere to ‘platelets isolated from plasma even in 
the presence of added thrombin, ADP, or epinephrine. Further, human endo¬ 
thelial cells exposed to platelets and aggregating agents release a small 
molecule of apparent 1400 to 1^000 molecular weight, possibly a polypeptide, 
which is an effective inhibitor of platelet aggregation. This inhibitor is 
inactivated at 90°C for 10 min. -C• v-' w.-v. { ^ r :V. e 0 ; v 

We have established successful tissue culture of endothelium of human ; 


s 
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umbilical cord vein origin in our laboratory. This was accomplished by 
Saba and Dr. Mohammad. Dr. Ralph Nachman generously permitted Dr. Mohammad • 
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to visit his laboratory and receive limited but highly useful instruction 
in tissue culture of endothelium. In addition, Drs. Saba and Mohammad 
received informal training in tissue culture techniques in the laboratory 
of Dr. D. 0. Adams, Department of Pathology, Duke University, Durham, N. C. 


Methods and materials are listed alphabetically: 








C 


1. Adhesion of platelets to collagen will be quantitated by addition of 
standard amounts of human collagen of Achilles tendon origin prepared by 
the method of Hovig 10 to PRP in the aggregometer. An increase in light 
transmission is produced by adhesion of platelets to collagen when 
ethylenediamine tetraacetic acid (1%) is used as anticoagulant. Results 
will be monitored by phase-contrast microscopy also. 

2. Adhesion of-platelets to glass will be quantitated by the method of 
George et al.^- 

3. Adenine nucleotide content of platelets will be measured by the luciferase 
reaction using a Biometer. 1 - 

4. Aggregating agents . Human thrombin prepared by the method of Miller and 1 
Copeland 1 * will be further purified by the method of Kerwin and Milstone. 

’ Human Achilles tendon will be used to prepare "collagen" by the method of 
Hovig. ADP, epinephrine, and serotonin will be purchased from' Sigma 
Chemical Co. All aggregating agents will be dissolved in 0.08 M . - 

^hpsphate buffer, pH 7.35, in 0.145 M NaCl since Tris buffer produces 
undesirable ultrastructural changes. 

5. Aggregometer . Three Chrono-Log aggregometers are in use in our 
laboratoriesAggregometer tracings will be analyzed by the techniques 
of Frojmovic. In addition, samples‘can be monitored by use of phase- 
contrast microscopy and, when warranted, by TEM. 

6. Blood . Donors of normal blood will be carefully selected students and 
young employees of both sexes. Donors are rejected if they receive any 
type of medication regularly or if they have taken aspirin within the 
preceding week. Donors congenitally deficient in fibrinogen or blood 
coagulation factors VII, VIII, IX, X, or XII as well as patients with 
von Willebrand's disease or thrombasthenia are readily available through 
our Clinical Coagulation Center. Dogs congenitally deficient in factors 
VII, VIII, or IX also are readily available at the department’s Frances 
Owen Blood Research Lab. Patients receiving dicumarol therapy are 
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available through our Clinical Coagulation Laboratory. 

7. Chromatography with Sephadex G25 or G50 will be conducted as described 
by Fisher. ^Gel filtration chromatography of platelets will be carried 
out by the method of Tangen et al. using MTS as elution fluid.- “ - 

8. Clot retraction of PRP will be conducted by a previously described 
..method, 4 . 

9. Electron microscopy . TEM of cells fixed in situi or in suspension will 
be carried out by previously described methods- ’using buffered 4/3 or 

FE methods have been described and are 


h* 
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8/3% glutaraldehyde as fixative. Ft metnoas nave oeen aescrioea ana are 
those of Reddick and Mason- and of Muhlethaler. • * The Balzers freeze- 
etch apparatus- in the nearby Department of Botany is available to us 
on a rental basis. ; 


Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 



10. Electrophoresis and Study of Proteins and Glycoproteins . Electrophoretic 
mobility of intact cells will be performed by the method of Seaman. 

Disc electrophoresis in 5% or 77. polyacrylamide gels with barbital buffer 
and with or without addition of sodium dodecyl sulfate will be carried 
vr. out as described by Gordon. 0 using Comassie blue stain for protein and 

periodic acid-Schiff stain for glycoprotein. Molecular weight estimations.-^ 
will be carried out as described by Weber and Osborn 2 ^ and by Mann et al. 8 " 

Electrophoresis in Geon-Pevicon will be by the method of Mul'ler- . * 

•Ebferhard. y Lactoperoxidase iodination of exposed membrane protein will '■'% 
be carried out by the method of Phillips and Morrison. 



11. Endothelial cells . Human endothelial cells will be recovered from 
umbilical cord vein by use of low concentrations of collagenase and 
from vena cava by use of dilute trypsin. Umbilical cords are being 
obtained daily from the Obstetrical Services of N. C. Memorial Hospital, 
Chapel Hill, N. C., Watts Hospital, Durham, N. C., and Alamance County 
Hospital, Burlington, N. C. Tissue culture of endothelial cells from 
cord or vena cava will be conducted by methods described by Nachman;^* 
these have proven successful in our hands. Human vena cava segments can 
be obtained within one hour after death from cadavers authorized for 
i- organ donations. 
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12. Enzymes . Arvin (Twyford Labs, London) and plasmin (Schwarz-Mann) will be 
purchased from commercial sources. Collagenase, neuraminidase, papain, 
trypsin, and other listed enzymes will be purchased from Worthington 
Biochemicals. 



13. Glassware will be coated with polyethylene oxide as described by Hiatt 
et al .^ or with silicone as previously described .^ Glow discharge 
treatment of glass will be carried out gratis at Research Triangle 
Institute, Research Triangle Park, N. C. 

14. Iontophoresis will be carried out by methods described by Duling et al^® 


15. Membrane preparations from endothelial cells will be obtained by the 
method of Barber and Jamieson.^ 

16; Miscellaneous . Antithrombotic agents are all on hand; additional supplies 
can be purchased from Sigma Chemical Co. or obtained gratis from 
appropriate pharmaceutical firms. Fibrin degradation products will be 
prepared by the method of Marder et al.' Heparin will be "Liquaemin" 
from Organon Labs. Reptilase (Pentapharm, Inc.) is on hand. 


17. Microvasculature . Procedures used for study of the microvasculature of 

the hamster cheek pouch^6 or spider monkey mesentery37 have been described. 
Animals will be housed in the .medical school’s Division of Laboratory 
Animal Medicine and all work with animals will be conducted in accordance 
with NIH regulations. 


18. 


19. 


Nicotine as nicotine HC1 will be prepared in 0.05 M phosphate buffer, pH 
7.35 in 0.154 M NaCl. ' v ‘ 

Phagocytosis of latex particles by platelets will be conducted as 

described by Movat « al » “ 100354024l l|il 
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. Platelets will be prepared as suspensions in citrated plasma at 23°C 
as previously described.• Platelets separated from plasma by gel 
filtration will be prepared by the method of Tangen et al. We have 
recently found th^se platelets superior to those prepared by a number 
of other methods.• 


21. Release reaction of platelets will be followed by measurement of adenine 
nucleotides using the luciferase reaction, 2 or by use of C^' labelled 
serotonin. " 


22. Tissue culture of endothelial cells will be conducted by methods 

■ - - ■■ - - O j J ' 

described by Nachman . JL 

9 

All of the above methods are being used or have been used by us except the 
•iodination of cell membrane proteins; ; ; : * . .' 
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Spoce and facilities available (when elsewhere than item 2 indicates, state location): 

Our research group, currently occupying 2000 sq. ft. of research space will move in 
. .Decemberj 1973 into 2800 sq. ft. of new research space in the Preclinical Education 
Building. This space will be equipped with fume hoods, walk-in temperature- 
controlled rooms, and an electron microscopy suite for our RCA-EMU3G transmission 
electron microscope and Quickscan scanning electron microscope. Our group now 
; has on hand a variety of centrifuges including a Spinco preparative ultracentrifuge, 
various pH meters and balances, a Nuclear Chicago 3 channel scintillation counter, 
gel electrophoresis apparati of several types, equipment for column or thin layer 
chromatography, equipment for immunodiffusion, and immunoelectrophoresis, the ' 
Seaman apparatus for electrophoresis of intact cells, several phase-contrast ' 
microscopes, three aggregometers and recorders, gradient maker and ultraviolet ' * 
monitors for chromatography, laminar flow hood and atmosphere-controlled incubator 
for tissue culture, an ultrasonic probe, drying ovens, various pumps and temperature 
controlled baths, refrigerators, -20° and -40 to -70° freezers, vacuum evaporators, 
complete dark room facilities, micromanipulator and some necessary optics for micro- 
vascular studies, and a Zeiss PMQII spectrophotometer. Available within the depart¬ 
ment are complete facilities for amino acid analysis (Beckman) and for column 
electrophoresis and electrofocusing (LKB). 
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^ 11. Additional facilities required: 



12. Biographical sketches of investigator(s) and other professional personnel (append): 


o 

o 

Ci ■ ■ ■ 

ca 


^ 13. Publications: (five most recent and pertinent of investigator(s); append list, and provide reprints if ayailabl«)•"" 
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^ ^ Sy 14. First year budget: 

A. Salaries (give names or state "to be recruited") 
Professional (give % time of investigator(s) 

- " 'v even if no salary requested) 

. 

i.'^ h 

|y-' 

ffi'."'. 

:• s A - 

-•fe. •;-'•■• 


% time 


Sub-Total for A 


tS?. ; 
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B. Consumable supplies (by major categories) ^ 

General chemicals 700 

. Biocheraicals including enzymes 1600 

Human blood (50 units at $15/unit) 750 

Tissue culture supplies 1800 

Electron microscopy and photographic 800 

supplies 

Animal purchase and board 480 


Sub-Total I for B 


C. Other expenses (itemize) 

Mileage ($0.10/mile; 2000 miles/yr for 
procurement of umbilical cords from 
cooperating hospitals) 200 

Copying 100 

Communications - 100 

Glass shop and electronics shop charges 200 

Service contracts (scintillation 1125 

counter, 25%, $225; electron micro- 


Sub-Total for C 


scope, 257., $900) 

D. Permanent equipment (itemize) 

Payton aggregometer 
Beckman recorder 

Miscellaneous (trip balance, table 
top centrifuge, water bath) 


k E. Indirect costs (15% of A+B+C) 157. of $33,387 
■ 15. Estimated future requirements: 


Running Total of A + B + C 

1900 

1100 

600 


Sub-Total for D 

E 

Total request 


Amount (including social 
security, retirement, 
and insurance) 


.Mason, R. G., M.D., Ph.D., Principal 

v 10~ 

--- 


V > . Investigator 



' ' _ >’ '. w K 

Saba, S. R., M.D., Coinvestigator 

30 

3846 


Chuang, R. Y. K., Ph.D., Coinvestigator 

20 

3712 


Mohammad, S. F., Ph.D., Coinvestigator 

30 

3502 


Sharp, D. E., M.D., Coinvestigator 

20 

— 

' _ 

Reddick, R. L., M.D., Coinvestigator 

20 

— 


Technical 




Perry, J. M. (technician) 

100 

9652 


Bazan, M. E. (lab helper) 

50 

3050 


Smith, (secretary) 

25 

1770 



25,532 


6130 


1725 


33,387 


X 

f sv 


3600 


5008 


4i ,<m 



+107. yearly +57. yearly 
Salaries Consumable Suppll 

Other Expenses 

Permanent Eqiyip. 

Indirect Costs 

Total 

Year 2 

28,085 6.437 

1725 

1000 

5437 

42.684 

r Year 3 

30,894 6,759 

1725 

1000 

5907 

46,285 
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16. Olher sources of financial support: 

List financial support from all sources, including own institution, for this and relbted research projecls. 


1 Title of Project 

t. Role of plasmatic components 

in blood-solid surface reactions 


. , 2. Blood platelets, membranes, 

t r £ aggregation and adhesion 

:> K 3. Mechanisms of platelet adhesion NHLI', NIH, HL14228 

and aggregation in thrombosis 
4. Antithrombogenic surfaces: I AKCUP, NIAMDD, NIH 

platelet-interface reactions | PH4368977 (contract) 


CURRENTLY ACTIVE 
Source 

(give grant numbers) 

NHLI, NIH 5K4HE46351 
NHLI, NIH, HL13296 


Inclusive 

Amount Datfcs - 

$25,000/trr July, 1970 to July 197 


$21,031 

$73,433 

$87,358 


June 1971 to June 1971 
June 1971 to Dec. 197* 
Dec. 1972 to Dec. 1973 


Title of Project 

1. Pathologic alterations in 
endothelium and thrombosis 


c 


PENDING OR PLANNED 
Source 

(give grant numbers) 


NHLI, NIH 


Amount 

51,866 
(rogueste 


!)■ 


Inclusive 

Dotes 


Jan. 1974 to Jan. 197 { . 
(requested): 




It is understood that the investigator and institutional 
officers in applying for a grant hove read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made." 


Principal investigator 

Typed Name ft- _ G:. Mason 





Checks payable to 

ersity of North Caro lina 


% Qr- J2? £&c<a /<?73 

ssponsible officiyof I institution V / 


Responsible < 

MK A. H. Shepard, Jr.,Asst. Vice 
Typed Name_ President _ 


V 


Mailing address for checks 

.. . W- i^ , _jSeii£___ 

Co,, if a _ '-h->- T/li tl±ii 

__ Avis vU, , CJifit't f Hi'{ 


Title . 


G. R. Holcomb, Ph.D., Dean, Res. 
-Adrftin^-__ 


Signatur^ S 4/ 


Shepard: 919-933-1691 

Te le p hone Holcomb: 919 -933- 1383 


. Dote 
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We shall probably request evaluation of this proposal by 
an outside consultant. 


FWN: wg 
Enel. 





F.W.N. 


■ ■ c *< I 




O : 

8 

c/i. ••••:•-v;-' 


■mmm 


***•« 


' V:*’ 

i ; - 


‘ •> J.. * 


V- f; > .-V'- •- 






‘*v '■ ’.“/•■ ; v * ■.'‘'.V r ").'- ;T sk , ? '* ‘-• *-• 

' •« . ;\V*.\'u': v •’■>''*■''• -r •T-'V' 

■■t't'iS -%* j*'*: 


Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 









Thu Council Fok Touacco Ki:si:akcii-U.S.A., Inc. 


C^U f 7 
<jiy 


no KAST 30 th STItKirr 
XKW YORK. X. Y. 10022 
1212 > l2l v HH.sr» 

Application for Reseo/cH Grant 
(Use extra pages as needed) 


1. Principal In*estiga'or (give title and degrees): 

Ted P. McDonald, Ph.D., Research Associate Professor 




Dote: 12/14/73 


Case No. 246 


2. Institution & address: • •' 

University of Tennessee Memorial Research Center 
1924 Alcoa Highway 
Knoxville, Tennessee 37920 

* 

3. Defkirtment(s) where research will be done or collaboration provided: 

University of Tennessee Memorial Research Center 
1924 Alcoa Highway 
Knoxville, Tennessee 37920 

4. Short title of study: 

Tobacco Smoke and Platelet Function 


5. Proposed storting dote: July 1, 1974 

6 . Estimated:time to complete: 3 years 

7. Brief description of specific research aims: 

Acute myocardial infarction is. a major cause of death and individuals who 
smoke have an increased risk of cardiac and vascular disorders as compared with 
nonsmokers. Most of the studies reported in the literature are plagued 1 by small 
samples, inappropriate controls, use of hospitalized patients and often present 
conflicting results. The intent of this proposal is to carry out a controlled 
laboratory study in rats and: human volunteers on the effects of tobacco .smoke 
and nicotine on: 1) plate]et function, including adhesion, aggregation, clot ' 

• retraction', and plasma factors; 2) platelet production, including peripheral 
platelet counts, platelet life span, platelet size, and changes in the bone 
marrow megakaryocyte population; 3) chemical alterations of platelet mucopoly¬ 
saccharides, hexosauines and' protein content; and 4) determination of thrombo- 
poietin levels in serum from treated animals and human volunteers with the 
goal of adding to our present knowledge of the involvement of platelets in 
coronary heart disease and clarifying some of the conflicting and poorly sub- 2 
stantiated data present in the literature. f * 
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8. Brief statement of working hypothesis; 


2 . 
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Coronary insufficiency may be preceeded by impairment of blood flow through 
the vessels near or in the heart itself. This impairment may be due to actual 
alterations in the endothelial lining of the blood vessels (such as increased 
atherosclerosis among smokers)* or to the sticking of platelets either to one another 
or to vessel walls, which could partially or completely occlude blood vessels. 

Increased atherosclerotic vessels are jagged and lose their silicone-like properties, 2 
thus increasing the prossibility of rupture and concomitant aggregation of platelets 
into clumps or thrombi. If platelet clumps are not broken apart they can lodge in 
blood vessels, stopping the flow of blood. Therefore, one important aspect of deter¬ 
mining how smoking causes an increased risk of heart attacks is to examine the effects 
of smoking on the formed elements of the blood which are intimately involved in 
vascular blockages - the platelets. Several methods of inquiry will be used to examine 
the effects that smoking and nicotine have on blood platelets. 


9. Details ofexperimentaldesign and procedures (append extra pages as necessary) 


c 


A. Literature review, significance, and reasons for study. 

More people die as a result of heart attacks every year than any other 
disease. 3 Smokers have a significantly higher incidence of myocardial infarc- ■ '--r;'-- 
• tions 1 * 5 related vascular disorders such as Burger’s disorders, 4 coronary 
artery disease, 1 ’ 6 ’ 7 carcinoma of the lung 8 and other types of malignancy, 9 
as well as chronic bronchitis and pulmonary emphysema 6 as compared to nonsmokers. 

One. study-indicated jtfiat. nonsmoker a. who are in. close, association, with smokers, 
often inhale almost as much cigarette smoke as a smoker. 111 The children of 
parents who smoke suffer from the toxic effects of cigarette smoke all of their 
lives whether or not they become smokers themselves. 111 Mothers who smoke 
during pregnancy block oxygen transport - in direct relation to the smoking 
habit across the placental membrane to the fetus which results in an increased 
number of still-born babies or children with retarded growth and/or development. 11 * 12 


(1) Tobacco smoke and platelet activity. 
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- Cigarette smoke has been shown to cause an accelerated thrombus 

formation in vitro, 12 supporting the finding that smokers have an increased 
thrombotic tendency. Sixty human subjects both male and female were used 
with ages ranging from 17 to 68 years. All subjects were patients in a 
private hospital and all were habitual smokers. Each patient served 1 as his 
own control and used his own cigarette brand. Blood samples were taken 
before smoking and 20 min after smoking 2 cigarettes; 34 out of 60 habitual 
smokers showed accelerated thrombus formation. 

Engelberg and Futterman 14 later repeated this work using a similar 
experimental design, but with a larger sample size (147 individuals). Again, 
all subjects were habitual smokers and were either hospital patients or 
staff at the hospital. The reasons for hospitalization of numerous test' 
subjects were not indicated and each person again served as his own control. - 
The results of this study showed 132 of the 147 individuals had an accelerated 
thrombus formation nfter smoking 2 cigarettes. ; . • • ; : : • 
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Mustard and Murphy 15 reported that smoking decreased platelet survival 
-and increased platelet turnover, thereby shortening the platelet life span. 

In this work only 7 human subjects were used and each had a history of some 
type of vascular or heart malady: myocardial infarction, cerebrovascular 
accidents or disorders and all were heavy smokers, i.e. greater than 1 pack \ 
•per day. Since O'Brien et a£. 16 found that nonsmoking patients suffering 
from myocardial infarctions had more active platelets (larger size and greater 
adhesion) than normal nonsmoking subjects, the above studies are in question. - 

Platelet adhesiveness has been reported to be enhanced after smoking 
in studies by Aabrus and Mink, 17 Ashby et al. 18 and by El-Ebrashy et al . 19 ; 
whereas. Mustard and Murphy** and Murchison and Fyfe 2 * 1 found no such increase 

after smoking. ..••■ v „ >...•//, . 

A decreased platelet count and decreased blood coagulation time in patients 
after smoking a single cigarette was.reported by Shimamato. 2 This decrease 
was postulated to be due to damage of the endothelial silicone-like property 
of the blood vessel. Recently, Hawkins 21 also demonstrated that the blood 
of smokers had a decreased coagulation time as compared to nonsmokers, as 
well as increased rates of initial clot formation and clot retraction. ' ’ 

Platelets from individuals who smoked were more active than those of non- 
smokers when: aggregated with ADP. The clot formation and clot retraction 
data are based on thromboelastography which can measure tensil strength of .' 
clots and the rate of clot formation. A different technique has been'used * 
recently to demonstrate^increased clot retraction of rat blood platelets after 
nicotine treatment. 22 * 2 ^ This technique aliowed a determination of weight chang 
of the retracted clot and seen^s to be a better method for determining increased 
function of platelets. 

Levine 23 recently presented evidence that smoking a single cigarette 
caused an increase in the platelet's response to a standard aggregating 
stimulus in human volunteers. The response appears to be related specifically 
to the inhaling of tobacco smoke, since it was not observed following the 
smoking of lettuce leaf filled cigarettes. 
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(2) Nicotine and platelet activity. 


Nicotine is frequently considered to be the causative agent of 
tobacco smoke in the development of coronary and vascular disease, although 
this association has not been conclusively proven. Many investigators have 
examined the effects of nicotine on numerous tissues of the body, but there 
are relatively few studies on the effects of nicotine on blood platelets. 


; • Wenzel and Singti have shown that intravenous injections of 

. nicotine depressed coagulation time in rabbits. Epinephrine likewise 
.^decreased coagulation time and an injection of nicotine and epinephrine given 
together acted synergistically to decrease coagulation time. Earlier work by -p* 
Wenzel et at. a demonstrated that both oral and intravenous administration 
.yivv-'- of nicotine to rabbits resulted in decreased coagulation-time. These find- 
.( ^4- ings seem to indicate that the route of administration of nicotine into the 

4" body does not affect the action of nicotine on coagulation time. ‘ 
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Recently, McDonald and Clift 26 described increased platelet aggre- 
gation in rats after oral nicotine administration when compared to aggrega-. ; 
tion of platelets from control rats. The increased aggregation appeared to • ( 
be due to both an alteration of some plasma factor and to changes in the ,. y _ 
platelets themselves. More experiments are needed using larger samples » 
and standardized platelet numbers to determine the mechanism of alteration. 

* _ . • i.v; 

.'!*•••• V - •••,• - v ^'.7~ 

Y\ '• "• ~ 27 ' ‘ ‘ • • . - *■' 

Werle and Schievelbein suggested that platelet aggregation was 
proportional to the concentration of nicotine used. Unfortunately, in 
order to show platelet alterations, high concentrations of nicotine had to 
be administered. They also found that nicotine and ADP enhanced platelet 
aggregation when added simultaneously. The aggregometer used in these studies 
required the use of a manual stirrer which could rupture platelets or pro- -v-v, T 
duce uneven distributions resulting in false aggregation data. By use of a 
Chrono-log aggregometer with continuous automatic mixing (described in the 
following methods section)^ one could more accurately measure and determine the 
aggregation of platelets exposed to various substances. 















One of the most widely used tests of platelet alteration after 
smoking is platelet adhesion. 28 The techniques which are employed have a .-*>•* 
high degree of variability so the results are questionable. No conclusive 
data are present in the literature concerning the effect of nicotine on ■ ' y-.t 
platelet adhesion. Therefore, further investigations,using refined techni¬ 
ques, need to be performed in order to clarify the effects of nicotine on 
platelet adhesion. 

Another method of measuring platelet function is by use of clot 
retraction. An increase in clot retraction as determined by the weight of 
the retracted clot has been shown to be a measure of platelet function. 
McDonald et al . 29 have recently demonstrated that rats exposed to nicotine 
(both oral and intravenous) have increased clot retraction (which results in 
a smaller clot) and were therefore more functional as compared to nontreated 
controls. One can conclude, therefore, that nicotine ingestion definitely 
alters certain platelet functions. - /-y,.,:.v-v:.Y • 

ykjtir* (3) Smoking vs nicotine effects 

on I ' 

■ Isaac and Rand reported that the amount of nicotine extracted 
from a single cigarette was concentrated in the plasma of a smoker by a 
factor of 1.5 to 2.5 depending on the nicotine content of the cigarette. 
Although the amount of nicotine in the plasma was reduced by one-half 30 min 
following cessation of smoking, a smoker could accumulate higher and higher 
concentrations of nicotine by continued smoking. 

Smoking and nicotine injections have both been shown to decrease 
clotting time in dogs. However, nicotine alone did not alter platelet counts 
or fibrinogen levels but smoking did. 31 Since tobacco components are altered 
.while the cigarette burns, 32 it is very probably that oral or intravenous 
^administrations of nicotine would not simulate tobacco components found in'^i 
the burning cigarette, thus the necessity of studying the effect of smoke jiyi 
rather than nicotine. 
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These findings strongly suggest that while nicotine may account 
for certain physiological changes associated with smoking, cigarette com¬ 
ponents other than nicotine may be responsible for various alterations in 
platelet activity that could lead to heart and vascular malfunctions. 
Therefore, a comparative study of the effects of nicotine and tobacco smoke 
on blood platelets needs to be performed. 

(4) Need for laboratory study, : . y : 
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Most of the studies to date concerning platelets and smoking have 
been limited to platelet functions (adhesion, aggregation and clot retraction) 
and have not dealt with other parameters of platelet activity such as their 
production and chemistry. In general, results of smoking studies in the litera¬ 
ture have considerable experimental error. The majority of studies concerning 
the effects of smoking on blood platelets have been performed on human 
subjects, who for the most part, have been categorized depending on 
their smoking habits as a nonsmoker, a light smoker (1 pack or less/day) 
or a heavy smoker (more than 1 pack per day). Test subjects are required to 
.smoke cigarettes either ad lib'Ctiwn or a predetermined number for a designated 
period of time. After smoking, blood is taken and various platelet activities 
are analyzed. Most of the studies use only smokers and therefore have no 
'suitable control group. In addition, to compound the error, subjects are _•*; 
often hospital patients suffering from one or more types of heart and/or .\v -■?."* 
vascular disorders in which altered platelet functions have been found. - 

Futhermore, the use of human subjects also prohibits the investi¬ 
gator from controlling the duration of the cigarette puff, thus varying the 
doses among the smokers. A standard puff of cigarette smoke, as defined 
by the British and American tobacco council, consists of a two second: puffs 
of 35 ml of smoke pulled through a cigarette once each minute down to a 
30 mm butt length. 30 > 33 It seems possible that some smokers may obtain 
roughly 30-50 1 times this amount of smoke and other smokers may obtain less 
thus varying the amounts of smoke constituents such as the amount of nicotine 
per cigarette. 30 If alterations in platelet function, production and: 
chemistry are found as compared to controls, then for the first t im e one can 
accurately attribute these changes to treatment rather than to biological- 
variations in health, diets, emotions, different doses, as well as the 
noxious effects of the various types of pollution than human subjects encounter. 
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jj^"' . B. Rationale and Methods . 

' ■ It is planned to study rats after exposure to tobacco smoke or nicotine 

^ treatment for altered platelet function (platelet adhesion, aggregation, . . 
clot retraction, and plasma factors); for changes in platelet production 
(peripheral platelet counts, platelet life span, size and megakaryocyte 
numbers) for chemical alterations of platelets (mucopolysaccharide content, ! 
hexosamine values, and amounts of protein); and for thrombopoietin content s j. v .’ 
i of sera. In addition, a study of platelets in human volunteers is planned. j 

' *' (1) Methods of Exposing Animals • - -s 

(a) Smoking Machine .. • : . 


,-V.. : 






Smoke will be administered to male Sprague-Dawley" rats (200-350 gm) 
by use of a small "Walton" smoking machine purchased * from Process 
V Instrument, Inc., 1943 Broadway, Brooklyn, NY. A machine (see attached 
figure) which is a modification of several other machines will be used 
until the new machine is available. 31 ** 35 The Engineering Mechanics Depart-. 
^^r^ment at the University of Jennessee designed and built this machine accord- . 
' ing to our specifications. The machine delivers a standard puff 30 * 33 of 

• , • cigarette smoke each minute to rats with a minimum amount of smoke dilution. 

1 <•:. This machine will simultaneously expose 5 rats to standard puffs of cigarette 
- smoke with roughly a 1:7 dilution of smoke with air. Rats are exposed to 
fresh smoke for 20 seconds after which a blower exhausts the breathing 
chamber and continues to give the rats fresh air for 30 seconds. The blower 
. then shuts off and coasts to a stop before the next puff cycle begins. 

Two types of control groups will be used to insure that the stress 
of the machine and/or restraint devices do not induce any platelet alterations, 
y One group will remain in their normal cages undisturbed for the 10 day exposure 
period. Another group of controls will be sham-smoked for as long as the . _ 
^v . longest treatment groups. - ;; , 

. At present, our treatment groups include exposure to either 2, 8, 

' : v -.; or 16 cigarettes/day for 10 days. These represent light doses in compari- 

• ^ son to those obtained by a heavy smoker (> 1 pack/day). These doses may need 

to be modified in accordance with the increased efficiency of the "Walton" 

' machine. 


a. 




Since the normal platelet life span in rats is about 4.5 days, 3 ^ 
the rats will be exposed for 10 days to insure that all the platelets 
examined have been produced under smoking conditions. A standard reference 
cigarette (1R1 purchased from the University of Kentucky - Tobacco and 
Health Research Institute) will be used for all experiments to insure a © 

consistent tobacco composition, thus greatly reducing the variability .... © 

between groups of cigarettes. , . 
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(b) Nicotine Administration 


Nicotine (nicotine alkaloid, Sigma Chemical Co.) will be injected 
intravenously (10-160 pg/kg body wt) or given to rats in their drinking water 
for 2 weeks prior to assay at concentrations of 25 mg/L, 12.5 rag/L and 0 mg/L. 
Every day fresh nicotine-water will be prepared and 400 ml placed on ra£ cages 
(2 rats/cage). The amount of liquid remaining in the bottles each day will 
be used to calculate the dose on a mg nicotine/kg body wt/day basis. 




(2) Platelet Function Studies 
(a) Platelet Adhesion 


1 • 


^ The adherence of platelets to surfaces such as the endothelial lining 

• of blood vessels is referred to as adhesion. Although platelets normally adhere 
to subendothelial layers of vessel walls at sites of injury to prevent blood loss, 
adherence to vessel walls^other than for reasons of maintaining hemostasis, 
can block the flow of blood. Increased platelet adhesion has been directly 
correlated with acute venous and arterial thrombosis. 40 * 441 . Since , 

^individuals who smoke have an increased occurance of various types of 
/^vascular occlusions, one effect of smoking might be altered platelet adhesive- 
ness * *■. 

V. . ,, ■ 1 • • 

1 * ' In this work a modification of Salzman’s method 42 will be used to 

determine platelet adhesion. Rats will be anesthetized with ether and 7-8 ml 
of blood drawn from the dorsal aorta into a 12 ml plastic syringe containing 
10 U of heparin per ml of blood. The excess blood over 5 ml will be ’ ■"/’■h'-V-t" 

expressed into a separate tube for routine analysis (platelet count, white 
blood cell (W3G) count, hematocrit and red blood cell (RBC) count) and util- . 
ized for the initial platelet count. The remaining 5 ml will be expressed -/V;•.. 

through a 17.2 cm polyvinyl tubing filled with glass beads (3M Superbrite 
beads 100-5005) at the rate of 1 ml/15 seconds into a 15 ml EDTA tube for ■ 

the final platelet count. The percentage of platelets remaining in the 
7 glass-bead-filled tube, .referred to as the percent platelet adhesiveness, f- 
will be calculated by substracting the final platelet count from the initial 
count divided by the initial platelet count times 100: "... ; : 


Percent Platelet Adhesiveness = 


Initial count - Final count 
Initial count 


X 100 


.V , v*v ‘ 


By use of this procedure the platelet adhesiveness index for rats is 
usually between 65-85%. In order to adequately measure an increase in adhesiveness 
due to smoking one needs to reduce the normal values to around 50%. The 
adhesiveness index can be reduced by shortening the polyvinyl tube length 
and/or increasing the flow rate of the blood over the glass beads. If h* • 

smoking causes significant increases in adhesiveness over nontreated controls, O 
then one should be able to measure these changes using such a modified 
techniquei- r. w v'" 
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(b) Platelet Aggregation 


The adherence of platelets to one another (aggregation) is another 
Important mechanism in maintaining normal hemostatic conditions within the 
body. Under certain conditions platelets can aggregate and form a thrombus 
or a clot in blood vessels, which can occlude the vessel and many times lead 
to a fatal condition. Several substances are known to cause platelets to 
aggregate: adenosine diphosphate (ADP), epinephrine, collagen, and others. 
Platelets normally contain ADP, so when a platelet ruptures it releases ADP 
causing other platelets to rupture which cascades into a platelet aggregate.** 
Nicotine is known to cause increased levels of epinephrine in the plasma 
which might account for the increased platelet aggregation among smokers.^ 
Levine 2 ^* 1 *^ recently reported that aggregation induced by ADP, epinephrine, 
or collagen was more pronounced in platelets of cigarette smokers than in 
nonsmokers. 




A Chrono-log Platelet Aggregometer attached to a Chrono-log model 


702 recorder will be used to determine platelet aggregation; 


collagen, 


and epinephrine will serve as the aggregating agents. Platelet " 

rich plasma (PRP) and platelet poor plasma (PPP) will be prepared in the 
' following manner: 8 ml of blood will be drawn from the abdominal aorta 
of each rat into 12 ml plastic syringes containing 80 U of heparin. 

The blood' will undergo differential centrifugation (107 x g) for 30 min. 
at 22°C to obtain the PRP and to separate the platelets from the WBC and 
RBC. The PPP will be prepared.by a more rapid centrifugation (760 x g) of 
'the remaining blood for 20 min. Platelet suspension counts using an 
Electrozone Celloscope will be made so that the concentration of aggregating agent/ 
platelet can be kept constant throughout experiments. A 0.5 ml sample of the PRP 
and the PPP will be placed into 0.312 inch diameter siliconized cuvettes 
along with a small teflon stir-bar. While in the aggregometer the platelet 
preparations will be stirred at a constant rate (1200 rpm) and maintained 
at 37°C. * 

;■ Since the operating principle of the aggregometer is based on 

the interception of light on a photocell (as in a spectrophotometer), the PRP will 
cause a decrease in transmittance; whereas, the PPP will allow an increase. 

After determining 10% and 90% transmittance with PRP and PPP, an aggregating 
agent will be pipetted into the cuvette in order to start the aggregation. 

A tracing of approximately 5 min will be recorded and the percent aggrega¬ 
tion at one, two and three min after the introduction of the agent will be 
measured by the change in light transmission. The rate of aggregation, 
the relative size of the aggregates, and the percent aggregation can be © 

determined from the curve which will be plotted. This will enable one to S 

accurately determine some of the effects that smoking might have on plate- £r» 

let aggregation. . ' 
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(c) Clot Retr.letion 


ADP release and subsequent release of platelet factor-3 from 
platelets cause a lengthy series of coagulation reactions which ultimately 
end in the formation of a clot sealing off the ruptured vessel. The cloj: ‘ . 

then retracts through the action of the contractile-like protein, thrombo-' 
sthenin,-forming the final hemostatic plug. Normally, this clot will be 
.dissolved and removed from the circulation. 22 The clots which form in 
vessels that are not in response to normal hemostatic maintenance and are 
not dissolved can result in vascular blockage. It is the formation of this 
-latter type of clot which is primarily responsible for myocardial infarctions 
smokers. In a recent study, nicotine has been shown to increase clot 
retraction in rats. 29 However, no studies apparently have been performed 
^concerning the effect of tobacco smoke on clot retraction. 

Clot retraction studies will be done according to the method out¬ 
lined by McDonald et al , 29 PRP will be diluted with PPP to give 

platelet concentrations of 400,000; 200,000; 100,000; 50,000; 25,000; 12,500; 
and 6,250 platelets/mm 9 . To 0.2 ml of each of the above PRP (in plastic 
Kahn tubes) 0.2 ml of PPP containing 0.1 volume of 0.33 K CaCl2 will be added. 
In order to initiate clot formation, 0.05 ml of thrombin (50 U/ml) • 
will be added to each tube and the tubes incubated for 2 hrs in a 37°C water 
bath. After 10 min the clots will be loosened from the walls of the tube .. 
by agitation and returned to the bath. After incubation the clots will be " ? 
weighed to determine the extent of retraction. If smaller than normal clots 
are found, then the clot has retracted to a greater extent and is, therefore, 
more functional. Reduced weight of clots (as compared to normal controls) 
Indicates that the platelets are more active than normal and hence more 
likely to be involved in vascular occlusions. 
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(d) Plasma Factors 

Previous work by the applicant 29 has shown that the effects of 
nicotine on clot retraction of rat blood platelets were not directly on 
platelets. It was concluded that the enhanced clot retraction observed in 
the blood of nicotine-treated animals was due to a plasma factor and not 
’to changes in the platelets themselves. 29 


As a corollary to the work on platelets, a secondary effort 
will be focused on the isolation of the plasma factor. Fibrinogen may be 
a necessary co—factor for ADP-induced platelet aggregation and can be 
isolated^ by the use of newer techniques from plasma of animals and humans 
after smoking. 59 The extracted fibrinogen can then be used in the determina¬ 
tion of specific effects on platelets. In addition, other plasma proteins 
will be partially purified by electrophoresis and other methods for testing 
in vitro. 
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(1) Detection and quantification of fibrinogen in blood plasma 

The method for the detection and quantification of fibrinogen com¬ 
plexes, fibrinogen itself and fibrinogen derivatives in plasma is as follows: 
columns used are 1 x 30 cm and gel employed is Bio-Gel 5M (Bio-Rad) with an 
average gel height of 29 cm. Tris saline buffers, [14.5 grams tris (hydroxy¬ 
methyl) aminoethane, 35 g sodium chloride, pH adjusted to 7.6 with 1 N,HC1 
and made up to 2 liters] will be used both for column equilibration and for 
gel filtration. All procedures are run at room temperature to avoid diffi¬ 
culties with cryoprotein precipitation. Columns are packed in the conven¬ 
tional manner and then calibrated with known normal plasma with the column 
flow rate at 12 ml an hour. "Normal" plasma is eluted, as described below, 
and column gel content adjusted so that under standard flow or elution con¬ 
ditions, fibrinogen patterns are symmetrical at 10 ml elution volume. If 
treated carefully, and washed scrupulously, a single calibrated column may 
be used for 20-50 determinations before requiring repacking and recalibra¬ 
tion. The fact that a number of normal plasmas are necessarily included in 
the assay samples allows a continual check on the state of column calibration. 
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: : Plasma samples (1 ml) are applied to the column over a layer of 

40% sucrose (0.5 ml) to sharpen the original boundary zone. Buffer is care¬ 
fully layered over the column when the plasma layer has sunk just below the 
top gel layer and the buffer feed is then connected. Effluent samples (0.8 
ml) are collected and assayed for fibrinogen by (a) thrombin-clottable pro¬ 
tein®® and/or (b) by radial immunodiffusion 61 using specifically-absorbed 
fibrinogen antiserum. Effluent fibrinogen concentration is plotted against 
effluent volume and the plot compared with that of a normal plasma of identi¬ 
cal fibrinogen concentration (a computer program which is now under develop¬ 
ment will be used to quantify this last step.) 59 







This method of fibrinogen determination in its present form is 
exceptionally laborious to perform and is technically difficult. However, _ . v. 

the applicant has several years experience using column chromatography * 

methods and the principle or co-investigator plans to spend sufficient time 
in Dr. A. P. Fletcher's laboratory in St. Louis to develop the skills '' 

necessary to obtain satisfactory and reproducible results before attempting !V 

these studies in this research center. 


(2) Isolation of plasma proteins 


Preliminary studies will be conducted co determine whether or not 
the factor that increases.platelet function and found in plasma of rats after 
smoking or nicotine treatment is also found in serum and urine of human 
volunteers and treated animals. Other preliminary studies will be conducted 
to determine heat and pH stability and whether or not the factor is dialysable 
The purification techniques to be used on plasma from treated animals include: 
1) column chromatography; 2) ethanol and (NHt^SOi, precipitation; 3) poly¬ 
acrylamide gel electrophoresis; 4) gel filtration through Sephadex columns; 

5) molecular sieving; and 6) recycling chromatography. In addition, density 
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gradient ultracentrifugation has been of value in achieving partial separa¬ 
tion of other plasma compounds and will be utilized in these studies in an 
attempt to partially purify the plasma factor. In this work assistance has 
been and will continue to be given by personnel at Beckman Instrument Co. 
and at the Oak Ridge National Laboratory. .* ' 

(3) Platelet Production Studies . 

- (a) Peripheral Platelet Counts 1 ; 

For platelet counts* blood will be taken from the leg vein * 
of rats and diluted in ammonium oxalate to lyse the red blood cells. After 
20 to 30 min of mixing on an automatic rotor, a drop of diluted blood will 
be allowed to flow under a cover slip onto a flat, thin hemocytometer 
chamber and allowed to settle for 20 min in a moist evironment. Platelets 
will be counted under phase microscopy at 450 X by use of standard techni¬ 
ques. 1 *^ * 


- v * 



(b) Platelet Life Span 


w;?/.,. . Shortening of the platelet life span has been shown to be related 

to smoking in a study by Mustard and Murphy.* 5 Reduced life span indicates 
that the platelet is leaving circulation and either going into coagulation, 

- Into arterial walls or dying at a faster rate than normal platelets. If 
smoking shortens the life span of platelets, then one possible finding 
{although other hypotheses are possible) is that more young, active platelets 
will be in the circulation. Since younger platelets are larger and more 
functional than older platelets, this condition could help explain the increased 
rate of thrombosis among smokers. Recent unpublished results by the applicant 
indicate that nicotine ingestion does alter the life span of platelets. 1 * 6 

Variations in platelet life spans will be determined according , . 

to the method described previously. 1 * 7 Rats exposed to either nicotine or 
tobacco smoke will be given daily isotopic injections of Na 2 ^ %C >4 (1 yCi 
3 ^S/gm body wt.). The animals will be killed 24 hrs after the last injec- / 
tlon and the 3 % incorporation will be determined by use of a Packard Tri- • 
Carb liquid scintillation counter. Rats will be injected with 2 ml of a 
1:10 dilution of heparin (heparin sodium, 1,000 lU/ml) intraperitoneally 
10 min prior to killing. A standard volume of blood will be collected into 
EDTA from each rat and diluted with saline to obtain a better platelet 
yield. The blood-saline mixture of each rat will be divided into two 15 ml 
conical centrifuge tubes and the platelets will be separated by differential' 
centrifugation at 5°C. After slow centrifugation of the blood (107 x g for 
30 min), the PRP-saline will be removed and the tubes spun more rapidly 
(760 x g for 20 min) to obtain a platelet pellet. 


• *i f \ 
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The platelets will be washed twice with 4 ml of saline and resu¬ 
spended in 0.5 ml saline. WBC and platelet counts will be made on each 
platelet suspension. Two samples of platelet suspensions will be added to 
polyethylene counting vials each containing 10 ml of a scintillation mixture 
prepared in the following way: 1 liter of 1,4 dioxane; 175 gm of napthalene; 

7 gm of 2,5 diphenyloxazle; and 0.375 gm of l,4-bis-2-(4 methyl-5 phenyloxa- 
zoyle)-benezeno. The radioactivity of two samples of platelet-free plasma- 
saline and one sample of each wash will also be determined for control - 

purposes. 

If the platelet life span is found to be altered, one must deter¬ 
mine if the alteration is due to the platelets themselves or to plasma factors. 
To make this determination, animals exposed to smoke and control animals 
will be given 3 % injections as described above. Platelets from both groups 
will be harvested along with platelet-free plasma. Animal^, exposed to smoke 
and control animals will be injected with the labeled platelets from the 
opposite group and the disappearance time of the labeled platelets from the 
plasma of each group will be recorded. If labeled control platelets injected 
into smoke-treated animals disappear from the circulation faster than labeled 
smoke-treated platelets in control animals, then the change in life span can 
‘probably be ascribed to some plasma factor alteration rather than to altera¬ 
tion of the platelets. Conversely, if labeled smoke-treated platelets 
injected into control animals are removed from the circulation faster than ~ 
labeled-control platelets In smoke-treated animals, then a platelet altera¬ 
tion should be considered. 
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(c) Platelet Size 


Platelets normally decrease in size with age through a process • 
of maturation or senescence. 48 » 43 Since younger platelets are larger than 
older platelets, the younger platelets could be more easily activated- 
through contact with vessel walls and as a result lead to thrombus formation; 
Some studies have shown that the younger platelet is in fact, more function-* 
al than the older platelet. 50 The ability to determine increases in plate¬ 
let size could possibly be used as a diagnostic tool in detecting potential 
heart attacks. If smoking causes an increase in the platelet size, then 
this could help explain the increase in platelet function which could help 
to potentiate the higher frequency of heart disorders among smokers. 

Platelet size will be determined from washed platelet preparations 
by use of an Electrozone Celloscope attached to a 128 channel analyzer for 
cell sizing as in the Coulter counter method. Platelet suspensions for 
counting are made by diluting 5 pi of PRP into 10 ml Isoton (Coulter) to 
give a concentration of 1:2000. After the platelet suspensions have been 
counted, a value between 15,000-19,000 platelets (optimum number for sizing) 
will be used for sizing. 
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(d) Megakaryocyte Determination 

Since platelets are derived from the cytoplasm of megakaryocytes,^ 
K one would expect relative changes in peripheral platelet numbers to be re¬ 
flected by proportional changes in the megakaryocyte pool.^ If exposure 
of rats to tobacco smoke causes an altered platelet life span (as measured 
by 3 % incorporation) or increases their removal from circulation by some 
process (as determined by size changes), then one would expect the megakaryo¬ 
cyte population (or a precursor cell) to be stimulated. If smoking causes 
a reduction in the peripheral platelet count, then one would expect mega— 
karyocytopoiesis to be stimulated by the action of thrombopoietin. 

v-'' Bone marrow samples will be obtained from the excised tibias of 

*;.■ rats by forcing air through the bone with a needle and syringe according 
to the method of Jackson. 3 Megakaryocytes constitute roughly 0.1% of the 
total bone marrow cell population and usually are not distributed evenly 
in smears or squashes. Bone marrow suspensions will be collected on Millipore 
filters with a 0.45 y pore size. Marrow suspensions will be prepared by 
adding 2-3 drops of 3.5% polyvinylpyrrolidone in saline to the marrow cells 
, on a glass slide. After the marrow suspensions and polyvinylpyrrolidone 

are mixed,then 20-40 microliters will be diluted in 5 ml of saline. Two ml . 

y of this latter suspension will be forced through a Millipore filter with a 
syringe adaptor. The filter will be removed and allowed to dry before 
• • staining the megakaryocytes. Microscopic analysis will be used to count 
the megakaryocytes. • 

■ (4) Chemical Alterations of Platelets 
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(a) Mucopolysaccharide (MPS) Content 

. It has been demonstrated that increased platelet adhesiveness is 
.correlated with an increase in the MPS of platelets. 47 Recently, nicotine *“ 
•injections have been shown to increase the uptake of Na 2 3 'SC>4, indicating 
: an increase in the amount of MPS. 37 There is conflicting evidence in the > 

literature concerning smoking and platelet adhesiveness and* since MPS • 
content is known to alter platelet adhesiveness, it is possible that ' 

smoking may alter the MPS content of platelets. Therefore, MPS determina¬ 
tions on platelets exposed to nicotine or smoke will allow one to correlate 
any MPS changes with alterations in platelet adhesiveness. Hence, increased 
MPS would strongly indicate potentially increased adhesiveness which could 
account for the increased thrombotic tendency among smokers. 

MPS determination will be made following the method outlined’ by 
McDonald. Rat platelets will be labeled in vivo by daily intraperitoneal 
injections (1 yCi of Na 2 3 ^SO^/gra body wt .) for 5 days before killing and Q 

determining the uptake of the isotope. At each time period the platelets © 

of three rats will be pooled and resuspended into saline to a final volume V CJ 
• 2.5 ml. The radioactivity of 2 samples of the platelet suspensions, '^^^6/1; 

'2 samples of plasma-saline and 1 sample of each wash will be determined! by 
use of a liquid’scintillation counter as described above. • ' .’ 

'V. : ; V, . ..• • * V..’ifv 
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To extract MPS from platelets, duplicate 1 ml samples of S 
labeled platelets will be added to 1 M NaOH and hydrolyzed' for 7 hrs at 5°C 
with constant mixing. The samples will be neutralized with 1 ml of 4 M 
acetic acid. The samples will then be treated 4 times with chloroform~Amyl' 
alcohol reagent to remove protein. After each treatment, the samples will 
be centrifuged (760 x g for 10 min) and the upper layer containing the MPS 
will be transferred to another tube. The final supernatant fluid will be 
dialyzed for 40 hrs against four 1,000 ml portions of distilled water at 5°C. 
After lyophilization, the material will be dissolved in 500 pi of water. 








For identification of specific MPS molecules-, samples of extracted 
3 %-MPS will be subjected to ascending chromatography using MgCl 2 (0.5 M 
and 1.0 M), 0.4 M AICI 3 or 0.5 M FeCl 3 as solvents. After chromatography 
the samples will be washed, dried and the strips cut into tjiree pieces which 
will be placed in scintillation vials containing 10 ml scintillation fluid 
previously described and the 3 % activity counted by‘a liquid scintillation 
counter. On the basis of the chromatographic method described by McDonald 1 *^ 
it will be possible to identify heparin and chondroitin sulfates A, B, and C. 


'Vv.*■ 


(b) Hexosamine Determinations 


: Since hexosamines (glucosamine and galactosamine) are normally 

present as an MPS component, one would expect to find increases and decreases 
in hexosamines closely correlated with' changes in MPS content. If smoking 
causes an increase in platelet MPS, then one would expect hexosamines to be 
increased also. Hexosamine determinations should, therefore, give more 
validity to the MPS determinations. 

The determination of hexosamines will be done according to the 
following method: 1 *^ rat blood platelets will be collected as previously 
described and resuspended in 1.2 ml of physiological saline. One ml of the * 
platelet suspension will be added to 1 ml of 2 M HC1 and placed in a hot 
water bath (1Q0°C) for 4: hrs to break the glycocytic and sulfate bonds of 
the MPS complex. After heating, the samples will be allowed to cool and 
1 ml of water will be added to each tube. One ml of freshly prepared acetyl- 
acetone (2,4 pentanedione) mixture (1 ml of acetylacetone in 50 ml of 1 M 
Na 2 C 03 ) will be added to the samples and 0.1 tc 1.0 ymole of glucosamine or 
galactosamine. The platelet samples will again be placed in a hot water 
bath (100 C) for 10 min, cooled and 5 ml of 95% ethanol will be added to 
precipitate protein. Next, the samples will be placed in a water bath (75°C) 
for 5 min after which 1 ml of p-dimethylaminobenzaldehyde (specific stain 
for glucosamine and galactosamine) will be added and mixed thoroughly with 
a Vortex mixer. The tubes will then be .placed back in the 75°C water bath 
for 30 min with occasional shaking in order to get maximum adsorption of 
benzaldehyde to hexosamine resulting in a color change. After removal and 
cooling, the optical density (OD) of the samples will be determined at 520 my. 
The OD readings will be compared to readings of known amounts of glucosamine 
aud galactosamine and the amount of hexosamine can then be determined from 
a calibration curve of OD versus hexosamine concentration. 

. . ■ ‘ ' . .. .. . .J' 
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(c) Protein Determination 


Total protein determination of blood platelets will be used as a 
relative measure of size and therefore functional state. A younger and hence 
larger, more active platelet population should show more total protein per 
platelet . 38 If smoking or nicotine shortens the life span, then one would 
expect an increase in the total protein/platelet in the platelet population 
since more younger platelets will be in circulation. 

' " A modified Lowry's method of protein determination will be employed 

One hundred microliters of platelet suspension will be added to 3.9 ml of 
water, mixed, and 0.5 ml of this suspension will be placed in a test tube. 

To each tube 5 ml of an alkaline solution (4% filtered Na 2 C 03 , 2% CuSOi,, 

4 % sodium potassium tartrate 100 : 1:1 by volume) will be added and mixed well. 

tubes will be placed in a 40°G water bath for 15 min after which 0.5 ml 
of Foliu-Ciocalteau reagent diluted 1:2 with water will be added to each tube 
and mixed. After allowing 30 min for color development, the samples will be 
read at 660 mu with a spectrophotometer. The OD readings for the samples 
will be compared to readings of known amounts of bovine serum albumin. 

(5) Thrombopoietin Assays 



It has been claimed that platelet life-spans are shortened due to 
smoking or nicotine treatment . 15 In addition a decrease in peripheral plate¬ 
let count has been claimed due to smoking . 2 * 31 It seems possible that part 
of the increased function of platelets from individuals who smoke may be due 
to an increase in younger platelets in the peripheral blood made available 
by alterations in platelet production rates. Platelet production is thought 
to be controlled by a hormone (thrombopoietin) that is released and acts on 
immature megakaryocytes to increase the output of platelets in response to 
thrombocytopenia. Whether or not smoking causes an. increase in serum thrombo¬ 
poietin levels remains to be shown. 

(a) Bioassay 


■ isst 
■. 
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Male C 3 H mice weighing 22-25 g are used as assay recipients. The 
mice are injected intraperitoneally with rabbit anti-mouse platelet serum 
(AMPS) which is prepared and absorbed with mouse RBC as previously described.. 514 
Usually 0.1 ml AMPS is diluted to 0.5 ml in saline prior to injection. AMPS- 
injected mice with initial platelet counts (determined 4 hrs after AMPS 
injection by direct phase-contrast microscopy from a single drop of blood 
obtained by retroorbital puncture) above 50,000/mm 3 are excluded from the 
assay. By use of this procedure, only 275 of 3,258 mice ( 8 %) used in recent 
bioassays have been discarded:. This strain of mice has a normal platelet 
count of about 9 x 10 5 /mm 3 . Mice are injected subcutaneously 4 times (2 
times on days 5 and 6 ) with the first injection given 5 days after AMPS with 
test substance. Thirty pCi of Na 2 3 s S 0 i 4 diluted in 0.5 ml of saline are 
injected intravenously on day 7 and the 24 hr radio-sulfate incorporation 
into platelets is determined. At the time of assay, mice are injected intra¬ 
peritoneally with 0.5 ml of a heparin-Nembutal-saline solution ( 1.0 ml 
heparin, 1,000 U.S.P. units; 1.0 ml Nembutal, 50 mg; and 10 ml of saline) 
and platelet counts and WBC counts are made from a drop of blood obtained 
by retroorbital puncture. About 10 min later mice are bled from the heart 
Into plastic syringes containing 1.0 ml of 1 . 0 % disodium-ethylenediamine- , 
tetraacetic acid (Na 2 EDTA) in 0.7% saline. The blood of each mouse is 
expressed into a 12 x 75 mm plastic tube and mixed with an additional 1.0 ml y 
of Na 2 EDTA. Platelets are separated from the blood by slow centrifugation 
(30 min at 50 x g) to obtain a platelet-rich plasma layer which is' trans- 
ferred into another tube and then centrifuged at a more rapid rate (15 min .e 
at 360 x g) to obtain a platelet button. Platelets from each mouse are 
washed with 0.5 ml of 1 % ammonium oxalate, then with 1.0 ml. of saline, and 
resuspended in 0.35 ml of Isoton (Coulter). Two 100 yl samples of .the 
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platelet suspension are placed in plastic counting vials for the determina¬ 
tion of radioactivity. Another sample of the suspension is used for the 
determination of the number of platelets in the washed platelet suspension. 
For platelet counting, the suspensions are further diluted (1 to 2,000) in 
Isoton and counted by use of an Electrozone/Celloscope (Particle Data, Inc.) 
with a log converter. The percent 3 % incorporation of the platelets is 
calculated: 


% 3 % Incorporation = 


CPM of platelet suspension 
Platelet count of suspension 


(b) Immunoassay 


Body weight 
grams x 7 


ght in^ 

x 7% J 


Peripheral platelet! 
count/ml / 


X 100 


CPM INJECTED 


• \ • 


: The immunoassay utilizes a hemagglutination inhibition technique 

, as outlined in previously published articles. 5 5, 56 , 57 Our results indicate 
’5^*£J;-‘ ; that TSF can be detected and quantified in sheep sera by use of this imrnuno- 

' assay. We also believe that this technique represents an inexpensive method ■ 

i?%t .;[' ,.:V for assay of TSF. . - ■ • , 

.... • (6) Study of Platelets and Plasma Factors in Human Volunteers 

Thirty ml of blood will be drawn Into vacutainers containing EDTA 
from each volunteer and the platelets harvested as indicated above for rat 
platelets. Some of the platelets will be subjected to function studies. 

Other samples from this platelet suspension will be utilized for chemical 
studies as outlined above except Na 2 3 will not be used. Identification 
of MPS from unlabeled platelets will be performed as previously described. 58 
; . . The quantification is not as good as in the 3 % method, but Is sufficiently _■ •' 

sensitive to determine large differences. The hexosamine data, and other 
• biochemical measurements, however, do not depend upon the use of radioactive 
labels. For platelet adhesiveness measurements, 2 or 3 ml of blood without- 
' J ’ ' • an- anticoagulant will be utilized. The plasma will be saved from the Initial 

,_V. centrifugation for plasma factor studies. ' 

The first studies will involve about 20 heavy, chronic smokers and 
an equal number of non-smokers to determine which, if any, of the above 
platelet functions or platelet chemicals are.altered by smoking. The two 
groups will be paired for age, race, and sex. We will make every effort 
to screen the volunteers closely to insure that drugs known to affect some ^ • - 

of these determinations (such as aspirin, and other agents known to inhibit £jT 

. y ADP-induced aggregation; i.e. antihistamines, local anesthetics, antidepres- q 

. sants, tranquilizers, etc.) have not been used by the subjects for several 23 

. ; - days before obtaining the blood samples. In this regard, other factors known 
• to affect platelet parameters (i.e. time after eating, diet, state of health, 
stress, illness, alcohol, occupation, genetic factors, and exposure to various 

.- 
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physical factors) will be considered as far as possible. If the scatter in 
physical and chemical data is widespread, then it will be necessary to inves- 
. .tlgate the health and habits of each volunteer more closely. The clinical 
hematology group headed by Dr. S. Krauss and located in this research center 
... will collaborate in such studies if the situation demands it. If the data 
are not widespread, many of the chemical or physical factors mentioned may 
___ not need to be considered in greater detail. . . . » • 

• : Based on results noted in the study of heavy smokers, acute experi- 

. ments will be carried out using groups of volunteers in a fasting state to 
'• consider the effects of smoking on platelets following smoking of 2-4 cigaret 
in about 2 hrs. Some of these volunteers will be non-smokers, others will 
be subjects who have smoked in the past while still others will be current 
smokers with different smoking habits. Control subjects (roughly matching 
, the categories just mentioned) will also be utilized in this study. These 
control subjects will provide data on which to determine the effects of 
„ obtaining several aliquots of 30 ml of blood in the short time period con- 
w templated. Blood samples will be taken before smoking, following smoking, 
and at intervals thereafter to establish the rates at which platelet func¬ 
tion or chemical makeup are reversible when smoking is curtailed. We plan 
to analyze the platelet suspensions and plasma collected in these acute 
studies in the same manner as outlined above for the studies in chronic 
&•"!; smokers. All studies using human subjects will be carried out in conformity 
with directives issued by our local committee on human welfare and experi¬ 
mentation to whom the protocol is being considered for approval. Appropriate 
f -.' forms for obtaining informed consent (i.e. (1) summary of explanation to 

patient for obtaining informed consent for experimental procedure; (2) consen 
for experimental procedure; and (3) forms required by The Council for Tobacco 
Research] of volunteers will be used. Copies of these forms are attached to 
this proposal. • 
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(7) Phasing of Study 

We plan to organize-our research activities as follows: the first* 
. year will be devoted to animal studies designed to determine the platelet 
and/or plasma alterations, which are responsible for the hypercoagulability 
state found among smokers. Animal studies are specifically needed in order 
to maintain the highest level of control possible. In addition, experiments 
involving the use of isotopes are not possible in human subjects', therefore, 
certain platelet alterations such as production or exact MPS alterations 
necessitate animal models. If a plasma factor alteration is indicated 1 , as 
our preliminary studies have shown, then quantification of several plasma 
proteins will be determined. 


blued 
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those 


The second year will involve continued animal experimentation com- 
with 1 human volunteers. These investigations will allow one to deter- 
if certain changes in platelet activity of animals are analogous to 
found in humans. 'S 
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The third year will be devoted to determining if the alterations 
in the platelets and/or plasma from animals exposed to smoke or nicotine 
are similar. In this terminal year we plan to screen human volunteers with 
the goal of demonstrating similar platelet and/or plasma alterations in 
humans who smoke as those found in animals where applicable. Some smokers 
have a significantly higher incidence of cardiac dysfunction as compared to 
the non-smoking population. It is hoped that the alterations found in these 
smoking volunteers will enable our group to diagnose a potential cardiac 
patient prior to the onset of the malfunction. Therefore, in order to 
determine a broad spectrum of platelet and/or plasma alterations found among 
smokers a combined study involving animal models and human volunteers needs 
to be undertaken. 
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Spoce and facilities ovoilobfe (when elsewhere than item 2 indicates, state location): 

: ^V. Ample physical facilities arc available fer the principal investigator and co- 
Investigator to conduct the proposed research project at the University of Tennessee 
.Memorial Research Center and Hospital. These facilities include: adequate laboratory 
work space, a cold room, and a fully accredited animal facility. Although some of the 
equipment lised below is used by several programs, it is available on a part-time basis, . 

. These items include: a refrigerated centrifuge, a freezer, phase microscope. Model A 
Coulter counter, Model 3375 Tri-Carb Liquid Scintillation Counter, photographic equipment, 
analytical balance, and lyophilizer. In addition, a celloscope with a 128 channel analyzer, 
a Chrono-log aggregometer, and a Fisher Autocytometer are available. A new well-equipped 
medical library has been established in the Memorial Research Center, Excellent library 
. facilities at the Oak Ridge Associated Universities and at the Oak Ridge National 
Laboratory are readily available. 

Senior members of the staff of the Memorial Research Center are available for consul¬ 
tation and are currently utilizing several' research methods which'would be applicable to 
the studies proposed in 1 this application. The members of the staff and their fields of 
interests are: Dr. R.D. Lange, erythropoietin and use of the HAI technique for detection 
of ESF; Drs. A.’Ii. Chernoff, J.F. Fuhr, and D. Dupourque in amino acid analysis, identifica¬ 
tion of abnormal hemoglobins, and investigation on the effect of smoking on the stability, 
oxygen affinity, and binding of carcinogenic ligands to hemoglobin; Dr. W. Porter in # 

glycoprotein structure; Drs. P.W. VTigler and W.R. Farkasin RNA enzyme chemistry; Dr. A.L, 
Kretchmar in stem cell repopulation and mathematical models of hematopoiesis; Dr. T.J. Yam 
in immunology; Dr. A. Solomon in immunoglobulin structure; Dr. B.B. Lozzio in RES function 
and lymphocyte stimulation by phytohemagglutination; Dr. C.B. Lozzio in cytogenetics; and 
Dr. S. Krauss in white blood cell function in disease. In addition. Dr. T.T'. Odell, Jr. of 
the Biology Division of Oak Ridge National Laboratory is available for discussion of 
work on platelets and' their functions, 
h Additional facilities required: 
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12. Biographical sketches of invcstigotbr(s) and other professional personnel (append): 

SEE ATTACHED 

13. Publications: (five most recent and pertinent of investi go tor{s)j appenj list, ond ptovitlc reprints if available). 

SEE ATTACHED 
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Explanation of Budget: • 

Consumable supplies: 

Animal charges: Current aninal charges for rats are: $2.50 each purchase 
• price and $2.50/rat/month care. 600 rats will be needed the first^ear - 

- $3,000; 300 mice for TS? bioassays will be needed; each mouse costs $1.00 

and care is $.50/2 months/mouse, $450; Na2 35 S0^ is used as a platelet 
f- label. This isotope costs $50/5 mCi. \ ‘ X;:. -X|' 0l :i > 

Computer time is calculated at rates currently available to this institution 
Time includes program, consultation and running time. . V }.X"VjK 
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Travel: 


To send the principal investigator to one meeting and the co-investigator 
to two meetings dealing with platelet function and smoking. 
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Equipment: 
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A new smoking machine costing about $2,000 is needed in this work. ' " 

The machine that we are currently using is adequate for our preliminary 
studies, but several problems inherent to its design exist. First, . ; _ 
smoke is forced through restricted openings which allow the build-up of 
coacervate smoke particles at an extremely rapid rate, thus decreasing 
the amount of smoke available.for inhalation. Another portion of the 
'"Standard puff (15-20%) is trapped in the cigarette holder before the 
smoke reaches the exposure chamber, again reducing the actual. exposure. 
The most serious design problem with our machine is the need for immed¬ 
iate mixing of the fresh smoke with air which would greatly reduce 
coacervate formation as well as providing a consistent smoke-air mixture 
for inhalation. At present the animals are rotated systematically in 
order to insure a more even dose of smoke. Only 5 rats can be exposed _ 
at one time in our machine, the modified Walton will allow us to increase 
this number thereby increasing our sample size. 

Updating the existing aggregometer to a dual channel instrument is needed 
in order to measure the large number of platelet samples planned. The 
dual channel updating on the aggregometer will allow us to aggregate the 
samples more rapidly as well as allowing for larger sample sizes. As 
Levine 23 recently indicated, aggregations need to be performed within 
30 min after bleeding. The dual channel.attachment will greatly reduce 
the lag time between aggregations. 




Salaries: 
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16. Other sources of fmonciol support: 

List ftnonciol support from all sources, including own institution, for this and related research projects. 


Title of Project 




Smoking 


Characterization and 
Immunoassay of Thrombopoie* 

tin 


Title of Project 


-assay and Characterization 


CURRENTLY ACTIVE 

. 

Source 

(give grant numbers) 

Amount 

American Medical Associa¬ 
tion Education Research 
Foundation 

87,097 

American Heart Association 

53,680 

U.S. Atomic Energy Commis¬ 
sion 

33,000 

9 

PENDING OR PLANNED 

' 

Source 

(give grant numbers) 

Amount 

National Institute of 
Health 

121,993 

Approved but not funded 
0HL-14637-O1A2 



Inclusive 

Dales 


Inclusive 

Dates 


.1 - - • 






-M-:. • 


is understood that the investigator and institutional 
fiieers in applying for o granr havp rood and accept 
te Council's "Statement of Policy Containing Conditions 
nd Terms Under Which Project Grants Are Made." 


hecks payable to 

-s=C, rsity of T enn essee 

Vailing oddress for checks 

Univ ersit y of Tennessee 


- .... Cumberland Avenue_ 

. Knoxville, Tennessee 37916 

- . 

'■ ' ^0 ! ’ .. 
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Principal investigator j 

Typed Nome Ted P. McDonald t Ph . Dj. __ 

Signature *rl 2j±±13 . 

i 

Telephone (615) 971-17 48_ ; 

Areo Ccd« Number E*t«niion j 

Responsible officer of institution: j 

Typed Name Hilton A. Sm ith_ _ — _ 

Title VlcG Chancellor for Grad. Studies & Res._ j 

Signature . Dote ijnj— j 

Telephone_(61 3) 974-3466 _1_ 


974-3466 
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The Council For Tobacco Research- U.S.A., Inc. 


C 

February 12, 1974 


Grant application No. 5190 
CARDIOVASCULAR 


A -V -, 






c 


To: 


The committee comprising Drs. Bing, Jacobson^ and Liebow 


Subject: Louis A. Soloff, M.D., Temple University, Philadelphia 
Continuation application No. 519C 

"Role of lecithin: cholesterol acyltransferase (LCAT) in cholesterol 
metabolism in health, disease and during smoking" 


i' 

- : ***?&?* 

* ’VvfV 


History 

Grant No. 519 has been funded by CTR since 1966. A predecessor 
grant. No. 374, was funded from 1963 - 1966. 

Grant No. 5193R1 "Purification and physiologic significance of 








umMI 


now in effect in the amount 


lecithin cholesterol acyl transferase (LCATr 

of $62,500 a year, was awarded without assurance of continued support. 


Therefore the enclosed! request competes without commitment. 


Request / 

S “ 

Application No. 5190 requests $75>873 plus two additional years. 


Document Submitted 


Enclosed is application dated l/2l/74. 


Comment 


Dr. Bing visited Dr. Soloff October 19, 1972. 

On March 27, 1973 Drs. Soloff and Lacko saw Dr. Gardner at 
the CTR offices. 

Re-orientation of the study, resulting in part from the above dis- 
cussions, is evident both in the text and in the new title. 


FWN:gh 






F.W.N. 


, - ■' 


• V Ends. ' ;V:, • ; • — V -7V ' ■ 
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The Council Foii Tobacco Reseakch-U.S.A., Inc. 


110 EAST 50TH STREET 
NEW YORK. N. Y. 10022 
(212) 421 -HSHfi 

Application for Research Grant 


oL, 1/21/74 


9 1274 

Louis A. Soloff, M.D. " ** 4 — ^ 

Blanche P. Levy, Distinguished Service Professor of the Universityj'^rofessor 
of Medicine; Director, Research Lipid Laboratory; Member, Research Advisory 
and Review Committee for the Clinical Research Center. 


I 

I 


(Use extra pages as needed) [ JA’i i £ 
1. Principal Investigator (give title and degrees): [. V , 


2. Institution & address: 

Temple University Health Sciences Center 
3401 North Broad Street 
Philadelphia, Pennsylvania 19140 


3. Department(s) where research will be done or collaboration provided: 
v Research Lipid Laboratory 

Division of Cardiology 
Department of Medicine 

Temple University Health Sciences Center 

4. Short title of study: 

Role of lecithin:cholesterol acyltransferase (LCAT) in cholesterol metabolism 
in health, disease and during smoking. 



5. Proposed starting date: July 1, 19^4 

6. Estimated time to complete: Three years. 

7. Brief description of specific research aims: 

0 

LCAT is an essential factor in plasma cholesterol esterification. For this 
reason, a study of this enzyme should increase our overall knowledge of lipid 
metabolism. There is already evidence that patients with LCAT deficiency 
develop atherosclerosis even though their levels of blood cholesterol and beta- 
lipoproteins are far below normal. It therefore appears worthwhile to determine 
whether LCAT plays a role in other patients with atherosclerosis and if so, 
possibly to add another method of separating genetic from environmental factors. 

So calledi risk factors, including smoking and resistance to these risk factors 
cannot be evaluated if genetic factors are ignored'. Purified LCAT appears 
essential to supply more complete information on the role of LCAT in lipid 
metabolism in health and disease. We already have made a preparation, of human 
LCAT which is stable and' 4000' to 10,000 times as concentrated as that present 
in human plasma. We aim 1) to produce LCAT antibodies for isolation and 
quantification of pure LCAT 2) to determine LCAT 1 s physical, chemical and 
enzymatic properties 3) to determine LCAT activity during physical, pharmacologic 
and hormonal stimuli and during nicotine administration and smoking in the 
experimental animal, in an invitro system containing plasma with and without LCAT 
and red blood cells, and arterial wall red blood cell plasma with and without LCAT 
and in humans with and without obstructive coronary heart disease documented 
by coronary arteriography v 




y ‘ :.t ; 
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8. Brief statement of working hypothesis: 

Glomset^ postulated that plasma lipoproteins pick up cholesterol from a variety of cells 
by a mechanism involving equilibrium between lipoprotein bound and cell free cholesterol. 
LCAT is postulated to convert free cholesterol to cholesterol esters which are removed 
from plasma, hydrolyzed by the liver and transformed into bile. As a result of plasma 
esterification, the equilibrium may be shifted so as to allow egress of cholesterol from 
cells. More recently, Glomset and Norum^ have postulated an 180° opposite mechanism, 

- namely, that LCAT functions to maintain a normal content of cell membrane cholesterol. In 
either event the result might be an alteration in cell surface which prediposes it to the 
accumulation of cholesterol. That LCAT might play a role in atherosclerosis is suggested 
by 1) our. findings that LCAT activity is inversely related to species susceptibility to 
atherosclerosis (manuscript®), 2) that an atherogenic diet inhibits cholesterol esteri¬ 
fication^, 3) our findings that the fractional rate of cholesterol esterification of 
cholesterol is abnormal in familial hyperbetalipoproteinemia , A) Gjone's demonstration 
of severe atherosclerosis at autopsy in a 40 year old woman who died with LCAT deficiency 
and a blood cholesterol of only 60mg/dl. and his findings of atherosclerosis in other 
patients with LCAT deficiency. He writes "Why these patients with this lack of plasma 
cholesterol esters and low levels of apolipoprotein B develop atherosclerosis remains to 
be explained"^, and 5) evidence that high density lipoprotein apoprotein, poor in surface 
cholesterol and with a high sphingomyelin/lecithin ration,postulated effects of LCAT, is 
most capable of removing membrane cholesterol®. Smoking LCAT interrelations will be 
studied, particularly in atherosclerotic patients. 

9. Details of experimental design and procedures: 


We intend to seek answers to these problems in several different ways based upon our 
past work on LCAT and on work done by others. A summary of our work on LCAT was 
presented at a private international symposium on LCAT in October, 1973 in Oslo,Norway. 
This symposium including our manuscript^, a copy of which is inclosed, will be pub¬ 
lished in April, 1974 as a supplement to the Scandinavian Journal of Laboratory and 
Clinical Investigation.So far as we know, we are the crJLy ones who has prepared a stable pre¬ 


paration of LCAT which is 4,000 to 10,000 times the concentration present in normal 
human plasma. 

At the present time we are testing the activity of this preparation in an invitro 
system containing apolipoprotein glutamine I and II, the putative natural activator 
and inhibitor of this enzyme. 

However, there are other possible activators and inhibitors as shown in our work 
with heparin*® (manuscript enclosed accepted for publication by Biochimica et Bio- 
physica Acta). The electron morphologic changes that occur in such studies are 
being studied by Dr. Hisashi Shinozuka, Associate Professor of Pathology and member 
and electronmicropathologist, Fels Research Institute of our Medical School. These 
electronmicroscopic observations will test Shumaker and Adams's hypothesis that LCAT 
has as one of its functions the maintenance of lipoprotein structure as triglycerides 
are removed from very low density lipoproteins. 


o 

o 
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However, because of the possibility of other as yet unknown inhibitors and activators 
of LCAT activity, because of the small amount of the enzyme present in the plasma and 
also because of the complex interaction between the enzyme and its substrates we 
think it is imperative to develop a method that assures purity of the enzyme and is 
capable of measuring accurately minute amount of the enzyme in the range found in 
the plasma and of the very minute changes that might occur in different states. For 
this reason, we have chosen an immunologic approach in an attempt to solve this 
problem. 

. (see following pages) • - 
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Radioimmuno assay of LCAT 
Methods of procedure: 


’v;V». a.:..; 








1. Production and characterization of antibody to LCAT 
^ks>.£‘.p‘ ■ a) Purification of antigen (LCAT) i 


...... ... „ . . •• ■ J • V aa&I>»>’ 

-• .• ., ■ • . •. " ' - ■ - Wi 

laborator y is one of two in which highly purified LCAT has been obtained. 

;have worked out a procedure for preparing greater than 4,000 fold purified LCAT 
which is stable for at least eight hours, with a yield of 5%. • . 

. ... .. .... ... : . *i..V- .' ■ • 







A litre of outdated plasma is first mixed with 20 ml of 10% egg lecithin suspension 
and 1 ml of mercaptoethanol and 440 gms of amonium sulfate. The precipitate after 
3|||fr|^collection by centrifugation is dissolved in 0.005 EDTA pH 7.4 and its density is 
WT^f^Justed to 1.22 with cesium chloride. The LCAT is layered under Cscl of d=1.21 
V and floated by centrifugation at 100,000 g. for 36 hours. LCAT bands at a density 
,-..of 1.20 where most of the lipoproteins float at d=1.18 and most of the plasma 
proteins settle at the bottom at 1.26. The clear zone 
ij^j^between the plasma proteins and lipoproteins is dialysed and fractionated on a 
^DE-52 column using tris-EDTA-Nacl pH 7.4 and a sodium chloride gradient. The 
J,eluted enzyme is then put on a HDL-sepharose column and washed with tris-EDTA-Nacl 
/J;-‘v bu ^^ er * After the protein peak has come out the enzyme is eluted with 0.05 tris- 
glycine buffer pH 9.0. The protein was estimated in all these steps by the 
luorscamine methodU after dialysis. About 500 ug of enzyme is obtained with a js'^- 
^^ivyield.-- On standard polyacrylamide gel electrophoresis two bands are seen and the 

enzyme activity is associated closely with the fast moving band. '■■ '■■J: 



'.s?; 







I 


^ mmunoe ^ ectro P^ ores is with hyperimmune equine serum produced against whole human 
serum (copy of photograph enclosed)a single arc is the only one obtained. We are 


currently affinity labelling the enzyme with radioactive diisopropyl fluoro- 
. P^ os phate to identify the enzyme bands. Since those obtained on immunoelectro- 
phoresis are close to that of HDL and albumin the possibility that albumin and/or 
^ ^ S con tami n ating the enzyme exists. These are currently under study. . - 






b) Production of antibody. 


■ ...... 

^ ” v!' 100 ug of purified LCAT will be administered into young rabbits intravenously in 
0.1 to 0.2 ml of saline. On the fifth day the animals would receive 100 ! ug of the 
. enzyme with comnletc adinvpnt* flrT.^ intrramnc/'tilariv Weekly intramuscular in 1 * 


enzyme with complete adjuvant (1:L) intramuscularly. 

P: jections of 100 ug will be given thereafter. The animals will be bled weekly and 

their antibody production will be checked by crossed immunoelectrophoresis^. 

high antibody titer is obtained by immunoelectrophoresis (a method of higher 
resolving power) the enzyme and antisera will be carried out to check for the 

presence of possible contaminants in the enzyme preparation and their antibodies 
in antisera. 


Il 

f ' 




c) Characterization of antibody. 


contaminating antibodies are found in the antisera, 




kjqj... - - - - — --, they will be first identified 

J^-. by using pure plasma proteins (albumin, HDL etc) and then absorbed out In'order 

purif y and enrich LCAT antibody, the antiserum, after removing the contaminating" 
^A^antibody with the pure contaminating antigen will be put on a sepharose-LCAT. column. 

• After eluting non antibody proteins the LCAT antibody will, be eluted with a gradient^ 

'45£.? Uanidine “ Hcl as . suggested by Weintraub and Kadesky 13 . The fractions will be 
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assayed by radioimmuno assay (see below) and those showing the highest titre will 
be used as purified antibody. 


For purposes of establishing absolute identity of anti LCAT antibody, DFPH^ labelled 
LCAT will be used as antigen and precipitates obtained by the double antibody technique 
of Weintraube and Rosel^. The formation of precipitates containing h 3 label will be 
considered as indicative of the presence of antibody to LCAT. For the further 
characterization electrophoretic and chromatographic techniques using DFPH^-LCAT 
incubated with antiserum will be used^ # 

Radioimmuno assay: The highly purified preparation obtained after affinity chromato¬ 
graphy will be concentrated by vacumn dialysis to give . 5 to 1 mg/ml enzynfe solution. 
After adjusting pH to 7.6 with 1.0 M monosodium phosphate the sample will be injected 
into bottles containing carrier free 1125 of 1-5 millieurie. 216.0 mg. of chloramine 
T and 0.3 mg of potassium iodide will be added and the reaction mixture will be in¬ 
cubated for 30 minutes at room temperature. The reaction will be stopped by adding 
sodium bisulfite. The unreacted iodine will be removed by sephadex chromatography 
using G-25. A protocol for the assay is given: 

Unlabelled enzyme or serum 
Labelled enzyme diluted 
to contain approximately 2-10 ug 
Antibody - diluted rabbit antiserum 
First incubation 
Antibody to rabbit globulin 
Incubation 

* unlabelled:labelled to vary from 0. 


0.5 ml * 
0.1 ml * 

0.1 

1-5 days 
0.1 ml 
48 hrs. 

9 to 0.1 (w/w) 


The assay will be performed in equivalent zone and the condition of the assay system 
like the dilution of LCAT antiserum, the antiserum to rabbit yglobulin, period of 
incubation etc will be determined using the standard of known protein concentration 
and known iodine labelled enzyme. The precipitated 1^-25 after 2 n< * incubation will 
be collected by centrifugation and the counts in the precipitate and supernatant 
will be determined. The dose response curve will be constructed after logit 
transformation as suggested by Rodbard^ and the following statistics will be 
evaluated on a sequential and cummulative basis using wang-300 programmable calculator. 


a) 7o radioactivity bound in the absence of unlabelled enzyme %B 

b) Slope of the linear position of %B vs log dose curve 

c) 507 o intercept 

d) within assay standard deviation 

e) between assay standard deviation 


Effect of physicochemical factors on the assay : 

Since the enzyme has been proposed to exist as a complex with HDL^ the effect of 
pH 9.0 and taurocholate, agents known to dissociate LCAT from HBL, will be studied 
on the radioimmuno assay. At pH 9.0 the antigen-antibody complex formation will not 
be expected to be seriously affected. The effect of agents that inhibit LCAT 
such as sulfhydryl blockers, reagents, polyvalent cations will also be studied on 

the antigen antibody reaction. - 1003540J379 
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>lication to Plasma: 


From the yield of purified enzyme obtained by Fielding and Fielding 10 and in our - 
laboratory the concentration of LCAT in plasma may be calculated to be approximately 
0.1-0.5 mg%. Hence each assay system will contain about 0.1 ug of labeled enzyme 
in 0.1 ml and plasma diluted to give approximately 0.01 to 0.9 ug LCAT (two times 
to 100 times). After carrying out the incubation as mentioned in the protocol the 
labell in the precipitate and supernatant will be determined. It should be possible 
to carry out about 100 samples with each labelled batch of enzyme. The purified 
enzyme will be used as a standard, defined arbitrarily as 1 unit/ug of protein. For 
studies on pathological serum 6-10 normals will be used as separate controls. The 
values obtained will be compared with the enzyme activity determined by GLC. • • ^ 






Animal Studies: 


■y ''ZfpK'ii#- 


- « 


Since the ultimate goal of the research project is to evaluate the role of LCAT in " 
the homeostasis of plasma cholesterol and in atherosclerosis, we plan to study the 
effect of LCAT infusion in experimental animals and its effect on plasma cholesterol y 
- metabolism. Rabbits and guinea pigs are selected for this purpose since the former tn- 

^ has been extensively used as an experimental model for atherosclerosis and the 

.latter has been shown to develop lipoprotein abnormalities similar to that in LCAT 
deficient humans, when these animals are fed cholesterol. However repeated infusions 
$$***©£ LCAT may produce immunological reactions. These will be circumvented by the use 
of antilymphocyte serum. . o • ^."V' : r 

;• • - ' ^ ^ \ - 

~. ~ ~ ... ’ 


sr 


Experiments with rabbits: 


. f A group of 20 rabbits will be divided into groups cf eight and 12 and the latter 

will be fed cholesterol containing diet for 20 days. These will be divided into three 
groups 1) four animals left untreated 2) four animals treated with antilymphocyte 
serum (ALS) 3) four animals treated with ALS and LCAT. Those on normal diet will 
be divided into two groups of four and one will be treated with ALS. Concentrated 
purified LCAT will be administured intravenously every third day and ALS will be 
^l^&administered once a week. Before and after the experimental period (15 days) the 
3 ^|£;fol lowing will be compared in all five groups: cholesterol levels of plasma (free 
an ^ ester) and presence geographically of atherosclerotic lesions .and if necessary 
^t^_their lipid composition. Vti 

rliX.. Guinea Pigs : 

u-''-it < . 

Similar experiments will be carried out in guinea pigs but in addition to determing 
serum cholesterol levels and the presence of atherosclerosis, the lipoproteins 
will be analyzed for abnormal LDL and HDL using gel exclusion chromatography and 
.electron microscopy. The effect of LCAT treatment on plasma cholesterol levels 
in these animals, on atherosclerotic plaques in the rabbit and on the abnormal 
lipoproteins of guinea pigs will be determined. 


V : While attempting to develop radio immuno assay of LCAT, we are evaluating two assay • 
: 4%M%*y stems f° r their respective efficiency and applicability to the routine measurement. ''t&H 
the initial rate of esterification of cholesterol in human serum. We are 
comparing our modification of the Stokke and Norum method with a GLC method introduced^ 
f by Marcel et al 1 ^ Their values are lower than ours. Furthermore their method has 
r el a tiv e ly large error (+ 8%) and was performed on too few subjects to allow for 
’.firm conclusions on the relative merit of their technique. 

*Si - -<P; - i -v^---'v 
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The role of erythrocytes in cholesterol metabolism ; 




v 

r 


Preliminary experiments in our laboratory have shown that erythrocyte cholesterol 
is probably esterified at a faster rate than plasma cholesterol. ; 

f ••• . -' • 

TABLE 1 ’ 7'rT'l4c- 

.-*--— 

’ ‘ 

* *v. : " • 

12 ml of fresh or heated serum (30 minutes at 56°C) were incubated with or without .v-i 
3 ml. of erythrocytes. The amounts of free and total cholesterol were estimated at 


-v#:AA 

• ; *§A A 

0 and 6 

hours. 





- ■ 

• 

Choi. 

•mg. 

Fresh 

Serum 

Heated Serum 

Fresh 

Serum & Erythrocytes Heated Serum & E 


Plasma 

0 

6 hrs 

0 6 hrs 

0 


6 hrs 

0 


Total 

15.6 

15.7 

15.6 15.6 

15.6 


16.4 

15.6 


Free 

4.8 

3.4 

4.8 4.6 

4.8 


3.4 

4.8 

*/}.: ; V V 

Ester 

fiEster 

10.8 

1. 

12.3 

5 

0.2 

10.8 

2.2 

13.0 

10.8 

1.2 



x?;;. 
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Erythrocytes 







■m&i 

Free 

14 



1.6 


0.59 

1.16 


4 Free 





. 0.57 

. . : v. - —" . . ; 

^ 0.61 
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The presence of erythrocyte in both cases (fresh and heat inactivated plasma) causes ,.^y.’ 
substantial increase in the extent of cholesterol esterification. This may be due .yyy,;v. 
to: 1) erythrocytes containing LCAT 2) Erythrocyte cholesterol is a better substrate yy'v 
than plasma. ,>• ,-yy' 

•'•••• • - • ■ '■ 

It has been shown in the rat that erythrocytes have only 2% of plasma LCAT activity. yC 
Also, D'Hollander and Chevallier^® injected rats with cholesterol and studied 

the exchange of cholesterol between plasma and erythrocytes in relation to cholesterol ./. 
esterification. They concluded that erythrocyte cholesterol was esterified before it.A£ 
mixed with the free cholesterol of plasma. They also observed the rate of >*>.’*• - ■ 
esterification of cholesterol in blood to be much higher than that of plasma alone, 

We have analyzed the data of Hagerman and Gold^l on the exchange of C^ cholesterol :>v 
between plasma and erythrocytes in the case of dogs in vitro, and have computed - 

the LCAT activity from their data using plasma and erythrocyte cholesterol as sub¬ 
strate (Table II). It is clear that if plasma cholesterol is the substrate the 
computed 1 LCAT activity would be too high a value compared to experimentally obtained 
plasma LCAT activity. A' 

TABLE II Rate of cholesterol esterification during exchange of plasma and 
erythrocytes when one of the compoment is labelled. 

Assumed Substrate Rate of Esterification/gm of blood/hr. 

Av.,,, - ... ., ' 

Plasma • :.7y.. : V ,• ; yA yy,/120 ug .y ah, 180 ug 



Erythrocyte 
Observed rate 


.Cy 

-«r5 s ( a ) reference #20 
(b) reference #21 


- ^ ug - ; y^y^yAo ug 

i other methods 50 ug (c) 


.-. 




^ 1 al^rato^^^stima t i n f 

!Silrtri^i^*18fiat^Sl l fr^^il|^^te^»M®jFV^i^ d ustryc|o"cLiments.ucsf.edu/docZ'hnll0000 
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The following experiments are designed to confirm our preliminary findings in 
humans using more sensitive methods and to further elucidate the nature of the 
cholesterol pools of the erythrocyte. In view of the total and rapid exchange of 
cholesterol between plasma and erythrocyte in vivo and the lack of the same under 
in vitro conditions separate pools may exist in erhythrocytes of which only one 
may function as substrate for LCAT in vitro. We postulated that transit of erythro- 
'cytes through the capillaries causes a redistribution and homogenization of 
erythrocyte pools. Or, erythrocytes depleted of their cholesterol by the action of 
LCAT may regain their cholesterol compliment by physical contact with the membranes 
of blood vessels, plasma membranes of liver, kidney, etc. These will be approached 
by in vivo experiments using rat as an experimental animal. 

Methods of Approach 


Blood from' fasting normal human subjects will be collected in EDTA coated tubes. 

For the determination of plasma free and total cholesterol 2 ml. of aliquots of 
blood will be chilled in ice and the erythrocytes will be separated by centrifugation 
at lOOOg for 10 minutes. At 4°C the erythrocytes will be washed four times with 
saline (0.9% and 1 pH 7.3). The washings will be pooled with plasma and lipids will 
be extracted with 40 volumes of chloroform-methanol (2:1). A known aliquot will 
be dried under N 2 . The erythrocyte lipids will be extracted with 80 volumes 2:1 
chloroform-isoproponol and an aliquot will be dried under N 2 . Total and free 
cholesterol will be determined by gas liquid chromatography techniques21using 
automatic sample injector and electronic integration attachment. Five cholestane 
will be used as an internal standard. Changes in free cholesterol will be con- - 
sidered as equal to increase in esterified cholesterol. 


For determination of specific radioactivity 10 to 20 ug of total cholesterol will 
be spotted on TLG plates and developed using petroleum either;ether:acetic acid 
(80:15:2) as solvent. The cholesterol and ester spots will be extracted with acetone. 
An aliquot will be used for estimation of amount of cholesterol by GLC and another 
for radioactivity. 

For invitro radioactive labelling of plasma or C^i cholesterol in acetone will _ _ 
be slowly added to 5% albumin to make an emulsion which will be added to plasma 
(0.1 V plasma) for in vivo experiments with rats' blood (cholesterol will be labelled) 
by injecting meralon and blood drawn by cardiac puncture. Administration of 
this labelled RBC will be done through the tail vein. 

Approaches: 1) To determine the effect of erythrocyte on plasma LCAT activity blood 

and plasma will be incubated separately for 0.5, 1,2,4,8, and 24 hours. Free and 
total cholesterol of plasma and erythrocytes will be determined for each period. 

Change in free cholesterol would be considered as equal to the cholesterol ester 
formed'. Blood would be expected to show more of the esterification compared 1 to 
that of plasma. Also, the esterification loss of erythrocyte cholesterol would 
reach a plateau at about eight hours. 


2) To find out whether erythrocyte cholesterol is a better substrate. 
Cl* labelled plasma will be incubated for one hour at 37°C. At this time called 
0 time red cells will be mixed to give a hematocrit of 407.. After incubation for 
0.5, 1,2, and 12 hours at 37°C specific activity and amounts of free and total 
ester cholesterol will be determined. A control without added red cells will be 
carried out throughout the procedure. Data will be analyzed as follows. 


■■•yr, v * 




Rate of esterification for time period 


't'=change in total label in cholesterol ester ; " 

_ for time period 't*- 

average specific activity of cholesterol $?. 

' substrate for the time period - 
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The rate of esterification computed using plasma and erythrocyte cholesterol 
average specific activities will be compared with the control plasma’s rate. It is 
expected that if erythrocyte is really the substrate for LCAT, the ratio of esteri¬ 
fication rate using specific activity of erythrocyte cholesterol to the control's ' 
rate of esterification will be closer to unity. When plasma specific activity is 
used to determine the rate of esterification in blood the ratio will be far less 
than 1, especially in the early period of incubation since the enxhcange has proceeded 
only very little and the specific activity of plasma cholesterol will be high v ;4~- 

(compared to that of red cells). - 

is < . .. . * ' ' ' ' ' • • ‘ ^ 

v - 3 ) To test whether a specific pool cholesterol on red cells is the substrate 

for LCAT, exchange between plasma dn erythrocyte cholesterol has been reported to be 
completed in 8-12 hours in vitro. Such red cells take up cholesterol when incubated 
with heated plasma. Thus the cholesterol lost through LCAT action could be replenished 
by labelled h 3 cholesterol if red cells are incubated in the heated plasma labelled " 
with cholesterol. The 12 hour incubated mixture of experiment 22 w iH therefore 
be reincubated in heated plasma labelled with cholesterol for six hours. Samples 
will be incubated using this doubly labelled erythrocyte and unlabelled fresh plasma. 

The ratio of to specific activity of cholesterol ester at different periods r* 

of incubation will be determined . This will be unity if there is only one pool for 
LCAT to act. On the other hand if LCAT substrate of erythrocyte was coming from a 
peparate pool which is relabelled with H^, the ratio will be much less than unity. ^ 

These experiments will be repeated with at least 10 different blood samples and in 
all cases student 1 1 1 tests will be performed .when controls are compared with 
experimental samples. These three experiments will be repeated with rat blood. In 
addition plasma and red blood cells will be labelled in vivo by intravenously in- 
jecting them with C 1 mevalonate. Experiments using labelled (in vivo) plasma and 
unlabelled rat red cells and vice versa along the lines used in experiments will * 

be done. The calculations and analysis of data will be the same. .- • 








4) To determine whether factors in circulation are involved in the control 
of red cell cholesterol pools. Blood will be pooled from six rats and separated 
into plasma and cells. C^ labelled blood will be incubated at 37°C for six hours to 
deplete the cell cholsterol. These cells will be infused into six rats through^the 
tail vein. After 30 minutes, blood will be collected and cells will be separated, v".; 
C of these cells will be determined. An aliquot of the labelled cells which have 
been preincubated with plasma for six hours will be mixed with unlabelled red cells 
to give the same Cl4 counts per ml of packed cells as that found for infused cells. "*•" 
These two kinds (one mixed in vitro with unlabelled red cells and the other mixed 
invivo) of red cells will be incubated witn unlabelled plasma and the rate of 
cholesterol ester C formation will be compared* If factors in circulation affected 
LCAT substrate of red cell an increased efficiency (more C^-4 in ester) will be noted 
in the case of infused cells. 


* 4 i 

' *TV. * •' ■ • 
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Once the role of RBC as a substrate for LCAT reaction has been established and ; ; 

quantified;, we shall return to the study of the interaction of arterial wall, RBC , * 

.and plasma with and without LCAT activity. Preliminary studies in our laboratory a 

. , s u 88 es t that these interactions have an important effect on intravascular and .. 

^.vascular cholesterol metabolism. . , . ... 

jJI ^Snteractions of human serum lipoproteins and LCAT with platelets: 

vJ ;-We have observed that LDL strongly potentiated ADP induced platelet aggregation 

* - *3/7: l *V' • ■ ' *'•' ’*•; .77 . ■ - :• >"■ 7 7tv : . 
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in suspensions of washed human platelets. On the other hand VLDL inhibited 
platelet aggregation. LDL did not cause platelet aggregation in the absence of 

ADP. v:,; 
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These observations have stimulated the following studies primarily proposed by 
Stefan Niewiarowski, M.D., Ph.D., who is Research Professor of Medicine and r : 

member of the specialized sector for Thrombosis Research at our Medical School. 

The lipid studies will be done in our laboratory and the hematological studies 
will be done in Dr. Niewiarowski*s laboratory. %■ ' 

a)Study on the effects of isolated serum lipoproteins on the aggregation and. release 
reaction of human platelets; b) the interrelationship between plasma and platelet 
lipoproteins; c) effects of platelets and platelet components on the activity of 
.J lipoprotein lipase (LP) and lecithin-cholesterol acetyltransferase. These three 
..■/ parts of our project will be discussed separately. 

;V 23 . 

a) Lipoprotein will be prepared by the method of Havel, et al as modified by 
Hatch and Lees . This method is based on the sequential flotation of lipoproteins 
by preparative ultracentrifugation. The lipoproteins are floated by increasing 
the density of each step by the addition of sodium bromide to the medium. The 
kflipoproteins fractions are further purified by refloating them twice at the 
.following densities: very low density lipoproteins (VLDL) at D=1.06; low density 






SV 


lipoproteins (LD) at 1.062; and high density lipoproteins (HDL) at 1.21. Further 


• $Sg*s 


purification of lipoproteins if necessary will be achieved by gel filtration using 
~ sephadex G-200, sepharose or biogel columns. Since free fatty acids may cause ‘ 
-platelet aggregation, the free fatty acid content of the purified lipoproteins will 
be determined by the method of Dole and Meinert 2 ^. Homogeneity of lipoproteins 
will be checked by electrohoresis and immunodiffusion. Platelets will be prepared 
-from human blood, collected in blood bank on acid citrate dextrose anticoagulant, by 
means of the method Mustard, et al^. in this method apyrase is sued to prevent 
platelet aggregation during centrifugation. After washing, platelets are resuspended 
in Tyrode-albumin solution. These platelets are stable for at least three hours at 
,.37°C, they are sensitive to low concentration of ADP, collagen and thrombin. Their 
-ultrastructure and shape are preserved. ADP causes platelet aggregation in this" 
'"suspension but it does not cause any significant release of platelet constituents, 
.‘Thrombin and collagen cause both aggregation and release. Sensitivity of washed 

P latelet to epinephrine is usually decreased. Washed platelets will be labeled with 
K serotonin 2 ' for the purpose of study the platelet release reaction. 




In typical experiments lipoprotein fractions will be incubated with the platelet 
suspensions before studying platelet aggregation induced by the four stimuli (ADP, 
collagen, thrombin, epinephrine) in the Payton aggregometer. After aggregation, ’ 

platelets will be centrifuged in the Eppendorf centrifuge and the supernatant will 
be tested for the presence of the released platelet constituents such as serotonin, 
adenine nucleotides and platelet factor The increased availability of platelet 

factor 3 during platelet aggregation and the effect of lipoproteins on this reaction 
will be tested. Platelet factor 3 activity will be evaluated by means of Russels 
vipor venom following the procedure described by several investigators 2 ®. The effect 
-•> V,. of various inhibitors of platelet aggregation such as dipyridamole derivatives, 

r. aspirin, prostaglandin Ei on the potentiation of platelet aggregation by lipoproteins '**** 
will be studied. -- • ' V' " v ° : ' , v V ' “ 
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In.another set of experiments, lipoproteins will be prepared from serum of patients 
with various types of hyperlipoproteinemia. The effect of these fractions on - : ?3 

platelet aggregation and the platelet release reaction will be studied. Similarly, 
platelets will be prepared from the blood of patients with hyperlipoproteinemia 
and their sensitivity to various aggregating agents will be investigated. 

V ' -U: • 

•<- • • ■;.• ! 

Finally washed platelets will be suspended in normal plasma and in plasma of patients 

with abetalipoproteinemia. Aggregation of these platelets in the presence of increasing " 

concentration of added LDL will be studied. Similar experiments will be performed 

using platelets isolated from the blood of patients with hyperlipoproteinemia and 

abetalipoproteinemia. . • 


' - ‘ * > ;V 
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b) The interrelationship between plasma lipoproteins and platelet lipoproteins is not r ‘' 
known. Studies in various laboratories are being carried out on the exchange‘between 
platelet and plasma lipids. We would like to determine whether platelet and plasma 
betalipoproteins have common antigens such as those belonging to the Lp or Ag system. 

The antisera will be prepared and antigen typing performed according the methods of 


Berg 


29 


If platelets and plasma share common lipoprotein antigens, it is more 







likely that changes in the leve of plasma betalipoprotein will affect platelet function. 

c) As it has been mentioned previously there are controversial data regarding 
^..the effect of platelets on lipoprotein lipase (LPL). Some authors describe platelets 
as containing an inhibitor of lipoprotein lipase^*'** while Bucher^ observed that 
platelet rich plasma contains more LPL activity than platelet poor plasma. The 
latter suggested that platelets may carry lipoytic activity absorbed on their surface. 
Soloff and Rutenberg found no effect on platelets on postheparin lipolytic activity. 
The' discrepancy between the results of various authors may be related to the different 
experimental system used; the authors reporting an inhibition of LPL by platelets used 
an assay based on changes in optical density while Bucher used an assay based on the 
measurement of released free fatty acids. In our experiments we intend to compare ' 

both methods. Since platelets may absorb LPL as well as inhibit it partially, LPL v 
activity will be assayed in four systems: • ;• 

j, a) "post heparin" platelet poor plasma; b) "postheparin" platelet rich plasma; ' 

c) "post heparin" platelet poor plasma and normal platelets; d) normal platelet 
- poor plasma and platelets obtained from "post heparin" subjects. 


• 1 . 
St*C- 




The effect of platelet extracts and the material released during platelet aggregation " v t $ : ! 
on the activity of LPL also will be investigated. 




titty 


Clearance of postalimentary hyperlipaemia by heparin induced through activation of 
lipoprotein lipase, leads to an increase in the level of free fatty acids in serum. 
Whether this phenomenon may affect platelet function will be studied. Platelet 
aggregation in platelet rich plasma induced by ADP and other stimuli will be compared 
in four groups of individuals - a) fasting control; b) alimentary hyperlipaemia; 
c) fasting control injected with heparin; d) alimentary hyperlipaemia injected with , ; v 
heparin. Heparin is known to clear alimentary hyperlipaemia by release of fatty acids 
from chylomicrons and fatty acids are known to cause platelet aggregation^. Therefore 
it is possible that individuals on non restricted diets may have increased platelet , . 

aggregation after heparin injection. - ........ . .. -. JV 

v •: .' ••••... ; V-'. V ~y c 'I- ‘ •' 

Lecithin: cholesterol acyltransferase (LCAT) is the enzyme responsible for the con-^Sg®^ 
version of free cholesterol to cholesterol ester in human plasma. It is our intention ''M 
^to examine whether cholesterol transferbetween platelets and plasma is promoted by 
the LCAT reaction, and to investigate the effects of platelets on the LCAT reaction, 
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Cholesterol esterification will be measured by determining the amount of readioactive 
cholesterol that is esterified during the incubation period in the presence and ab- V 
sence of platelets. The labeled cholesterol will be added to plasma (which contains 
no active LCAT) as a serum albumin emulsion-^-. The reaction will be started by adding 
purified LCAT preparations to the radioactively labeled inactivated plasma. Ester¬ 
ification will be allowed to proceed to give linear rates over the selected time 
periods. Platelets will be isolated from human blood by the method of Mustard et al^, 


Interactions between Smoking and LCAT: 


y ..-' 


y$%fi,k- 


So called "risk factors" including smoking cannot be evaluated if genetic factors ~ . 

are ignored. Thus, homozygous familial hyperbetalipoproteinemic subjects have the 
. highest incidence of coronary heart disease and at the youngest age whether they 

smoke or not. Statistical association can . be misinterpreted as causal if there . ..Vi 
were still other as yet unknown genetic factors that make one more or less susceptible ''V 
^ Vr to coronary heart disease and/or if the genetic factors in some way predispose to 
smoking. Our ultimate aim is to determine whether LCAT activity which plays an 
important role in intravascular cholesterol metabolism is different in subjects with 
Vv" hypercholesteremia and in subjects with coronary heart disease than in healthy subjects 

f ' and if so, whether such abnormalities are congenital or acquired and if they are v 

influenced by smoking. 

We have already shown that the initial fractional rate of serum cholesterol 
^^esterification is subnormal in most patients with myocardial infarction' and in 

subjects with familial hyperbetalipoproteinemia. We now have similar findings in 
over 100 smoking and non smoking patients with coronary heart disease documented — 
f by coronary arteriography. Smoking appears to play no role either in the development 
V, ’ of coronary heart disease or in LCAT activity judged by the ooronary arteriographic ' 
studies. However, an interpretation of our statistical analysis is complicated by 
'V the fact that our patients had been on various drugs for their heart disease at the 
;time they were catheterized. 

We are therefore embarking on a study of the effects of commonly used drugs for 
.. heart disease (digitalis, anti-anginal, anti-thrombotic, and anti-arrhythmic and “ . .. 

% anti-hypertensive drugs) on LCAT activity. . . • 

^^ 0 ’^ “* " " ■ ' 

^ - 5 Furthermore as stated previously we are comparing our results obtained with our 

, ’v'. technique with that obtainable by GLC. 

Dr. Boden, with a grant from you will be carrying cut a series of experiments on 
dogs to determine the effects of nicotine on pancreatic and gastric function' with 
P art l cu l ar reference to secretin. He has agreed to permit us to use blood from 
his dogs to determine the effects of nicotine on LCAT activity and on blood lipoproteins 
and hopefully to determine the origin and degregation of LCAT by sampling blood .. • 

across the liver from the portal vein from the systemic vein and from a systemic 
artery. LCAT activity will be measured both by our technique and by GLC. It is ' 
anticipated that a solution to the problem should be definitively obtained once we - -■ 
have developed a radio-immune assay technique. . - • -"V.•••rt 


r; 




4 ./ '.v ■'•“’* ■ •• :';v 


1003540 ^ 1 ^^ 




•V \ - 






Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 




<V;; 

>.*y V^'.; 


1. 

2 . 

3. 

4 . 

5 . 

6 . 

Sv>V. 

7 . 

8 . 

9 . 

10 . 


cMkslII. 

1^12. 


K 13. 
14. 

v^; ( 15. 

Kk , 

: ^tei6;“- 

W&} l- 

-v lo • 

■ ■v&w-'- = • 

:> 19. 

( 20 . 

> 21 . 


22 . 
23. 
S»X 24. 

- - 25. 

; : 5 > 26 . 

■• .V-..... -r- ' 
4y.;:27. • 

sj <*7 - s 

' 28 . 

.29. 

30 . 

31. 

32. 

33. 

34. 

35. 


Glomset, J.A. J. Lipid Res. 9:155, 1968. 

Glomset, J.A. and Norum, K.R. Ann. Rev. Lipids 1, 1973. 

Lacko, A.G., Rutenberg, H.L. and Soloff, L.A. Accepted for publication. 
Atherosclerosis. 

Stefanovich, V. Biochemical J. 115:555, 1969. 

Soloff, L.A., Rutenberg, H.L. and Lacko, A.G. Circ. 46:224, 1972. f: ; - 

Gjone, E. Personal communication. Internation Symposium on LCAT Oslo, 

Norway, 1973. . ■ , 

Gjone, E. Acta Med. Scand. 194:353, 1973. 

Stein, 0. and Stein, Y Biochem et Biophys. Acta 326:232, 1973. 

Lacko, A.G., Varma, K.G., Rutenberg, H.L. and Soloff, L.A. Scand. J. Clin. 

Lab. Invest. (In press) 

Rutenberg, H.L., Lacko, A.G. and Soloff, L.A. Bioch et Biophys Acta (in Press) 
(Fluorcamine Method) 

Gocke, D.J. in Symposium on Viral Hepatitis and Blood Transfusion., Edited 
by Vyas, G.N., Perkins, H.A. and Schmid, R. New York, Grieve and Stratton, 

1972. 

Weintraub B.D. and Kadisky, Y.M. J. Clin. Endocr. 33:432, 1971. 

Morgan, C.R. Proc. Soc. Exp. Biol. Med. 123:230, 1966. 

Hunter, M.W. in Handbook of Experimental Immuology, Blackwell Scientific _ 
Publications, Oxford, Englan. .'~7. V. 

Rodbard, D., Rayford, P.L., Cooper, J.A. and Ross, G.T. J. Clin. Endocr. 28: 
1412, 1968. . • ./ ' K-:. . -.7 ' ■■ '4:44x1 

Akanoma, Y. , Glomset, J.A., Biochem. Biophys. Res. Commun. 32:639, 1966. 
Fielding C.J. and Fielding P.E. FEBS Letters 15:355, 1971. 

Marcel, Y.L. and Vezina. C.: Biochem. Et. Biophys. Acta. 306:497, 1973. 
D'Hollander, F., and Chevallier, F.: J. Lipid Res. 13:733, 1972. 

Hagerman, J.S. and Gould, R.G.: Proc. Soc. Exptl. Biol. Med. 78:329, 1951. 
Rutenberg, H.L. and Soloff, L.A. Nature 230:123, 1971. 

Havel, R.J., Eder, H.A. and Bragdon, J.H. J. Clin. Invest. 34:1345 

Hatch, F.T. and Lees, R.S. Advanc. Lipid Res. 6:1, 1968. ?■;. 

Dole, V.P. and Meinertz, H. J. Biol. Chem. 235:2595, 1960. 

Mustard, J.F., Perry, D.W., Ardlie, N.G. and Packham, M.A. Brit. J. Haematol. 
22:193, 1972. 

Niewiarowski, S., Regoeczi, E., Stewart, G.J., Senyi, A.F. and Mustard, J.F. 

J. Clin. Invest. 51:685, 1972 

Nordoy, A., and Lund, S. Scand J. Clin, and Lab. Invest. 22:328, 1968. 

Berg, K. Serum Lipoproteins in Proceeding of the Eleventh Congress of the 
Int. Soc. of Blood Transfusion S. Karger, N.Y. pp.21-32, 1968. 

Poplawski, A. and Niewiarowski, S. Bioehim. Biphys. Acta 90:403, 1964. 
Mitchell, J.R.A. Lancet 1959/1, 169. 

Bucher, H.W. Helv. Med. Acta 37:47, 1973. 

Rutenberg, H.L., Stern, A.G. and Soloff, L.A. Amer. J. Physiol. 215:1005, 1968 
Haslam, R.J. Nature. 202:765, 1964 

Stokke, K.T. and Norum, K.R. Scand. J. Lab. Clin. Invest. 27:21, 1971 




. ii-... ...» , -•*,'« . ... _ Xr'-cy’ ■****K& F 

€ 1003540287 


444^:7;--=-; 4 :.74 

./4/_4,4- ■" ; .4’; ... . .• ;•= V' : 

\ ' ^ , ^ V'' ^ / v ~ ■ j/. y. ^ .r.V . . ^ ■■■ ' ^ y "'j 




>ource: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 




3. 


10. Space and facilities available (when elsewhere than item 2 indicates, state locotion): 

SPACE : The facilities available for this work include a fully equipped biochemical 
laboratory with space for at least four investigators and an office with two desks, 
v A small separate room is presently being made available to house our gas liquid 
■_ chromatograph and digital integrator accessory. A cold-room, shared by three other ■ 

; . . investigators is located in the "old Medical School" building which has recently been 
“J i C.extensively renovated and re-equipped for research. , .... , 

ry ? EQUIPMENT : Hewlett Packard 5711 A Gas Chromatograph • 

,, • Hewlett Packard 7671 A Automatic Sampler for G.C. . ' . • 

... . » Perkins Elmer Automatic Amino-Acid Analyzer (Fels Institute) 

vvy,; Beckman Model E AnalyticalUltracentrifuge (Fels Institute) ’•^'4'*%;#. 

Beckman L3-50 Preparative Ultracentrifuge (Infectious Disease Section) v 

■pf.; Beckman Model L Preparative Ultracentrifuge ... . 

■ Beckman LS-100 Scintillation Counter • 'Vi*.-v t ' 

Nuclear Chicago Mark II Scintillation Counter 
Gilford 240 U.V. and Visible Spepetrophoto Meter 
77^77 ’ • . • Beckman DU-2 1 ; • / V. 

’ LKB Ultrorac Fraction Collectors : - 

Two Buchler Fractomette 200 Fraction Collectors 

LKB Uvicord II Monitor with Recorder - ... . ...— 

Radiometer pH Meter 51 4 

' Radiometer pH Stat with TTT III Titrator : 

: Photovolt Densicord Gel Scanner with Inteprator ■£- 

, Radiometer Conductivity Meter • ’ "• -V 

4'. Chroma to Vue Ultraviolet Viewing Box ' V ' 

Buchi Evaporator r,, . . . • . ' . 

?£>'■ . Techni-Lab Heat Block ' • . v 

-VMettler Automatic Semi-Micro Balance . , 

Mettler P1000 Automatic "rough 11 Balance • * ~ 

^ . Buchler Evapo-Mix -'/V' 

Canalco Disc Gel Electrophoresis Apparatus . .., 7 - 

Beckman Microzone Electrophoresis with Duostat Power Supply " \'777/7 

\ . Eberbach Shaking Water Bath , • -■'.'z 'M'f 

"T Miscellaneous Equipment for Column Chromatography and Thin Layer 

, Chromatography including three Peristaltic and one Piston Action Pump ...7*,*- 

77 v,;7. I have been asked to supervise a Research Lipid Laboratory in the Department of" \ .7-777//• 
7 .,• •• v Obstretics and Gynecology which opened on January 14, 1974. In addition a Pediatric' pjp 
| 7 -;^Lipid Clinic has been started at St. Christophers Hospital which is Temple's 

Pediatric Hospital. This will give us an opportunity of studying children at all : 

_ ^ ages. This new laboratory is well equipped and has adequate space for a large 

office and too large laboratories. This laboratory will give me control of any 7. ’/ 

• v lipid studies we wish to do in the newborn and his relatives. 


11.Additional Facilities required: 


^7^7 Densitometer with integrator for thin layer chromatograms (Schoeffel) 

This instrument will permit precise quantification and also save considerable 
'technician's time. - 
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yfi 12. Biographical sketches of investigator(s) and other professional personnel (append): ; : : 5 

See appendix's 1-6 .-. v .. 

' m?,? 4 13. Publications: (five most recent and pertinent of investigator(s); append list, and provide reprints if available). 
appendix l.page 2 '■ 
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Jet ter, F. 




Fringe Benefits @ 13% 


100 % 

100 % 

25% 


B. Consumable supplies (by major categories) 

1^.5;^' Chemicals, Radiochemicals, glassware, vials, caps, 
service, plasma, volunteers, etc. 


Sub-Totdlfor A 


11,762 

9,400 

2,800 

5,900 


51,281 



* : kk V ."'.;*;.' • Vr’-' * • 

i* v;C 5r ,; : V 


Sub-Total ^foD 

A ' . 10,000 

■ r.v-/,. >*• 

^ E. Indirect cosls (15% of A+B+C) 


E 

8 ^ 592 

■ 

V; 

Total reqofest 

• $ 75,873 

s' :? 

15. Estimoted future requirements; 



■m:' 

Solaries Consumable Suppli 

Other Expenses 

PermanenCcfuip, 

Indirect Costs 

Total 

Yeor 2 53,845 5,250 

1,050 

-- 

9,022 

$69,167 t-V 

Year 3 56,537 5,513 

1,100 

— — 

9,473 

$72,623 
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16. Other sources of financial support: 

List financial support from all I sources, including own institution, for this and related research projects. 




Tille of Project 


Characterization of 
Human Plasma LCAT 


CURRENTLY ACTIVE 


Source 


(give grant numbers) 

Amount 

Council for Tobacco Res. 

U* S.A. 

62,500 

NIH 

92,673 


Inclusive 

Dates 


‘4* 


Title of Project 


PENDING OR PLANNED 
Source 

(give grant numbers) 


W&i 

v. ; 






It is understood that the investigator and institutional 
officers in applying for a grant have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Gran is Are Made." 


Principal investigator 

Typed Nam* ‘ Louis A. Soloff. M.D. 

Signature 4 S / --Daft 

Telephone 215 l 2 2l- 334 


215 

Area Code 


Date -U21/74, 
/ 22 I - 3343 

Number Extension 




r^i- 


‘ ••••* r*'.' f ;.-~ri f 


v.' : 


Checks payable to 

TV" ile University Health Sciences Center 
\ -rTir. — David‘W~Siegel 

Mailing address for checks 

_3400 North Broa d St ree t_ 

Phila. Penna. 19140 


-4 '■ : 


Responsible officer ofiinstitution 

Samuel S. Herman^ Fh.Di 
Typed Name_ 

Title ^ ssoc ^- atG Vice Presi dent for Research 

Signature - 

Telephone_2 15 . 221_- 32 50_ 

Area Cadi 


.22ir_3_2_50i 

Number 
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Preliminary additional work suggests that this arc is the enzyme 
and not enzyme contaminated with HDL or albumin. 
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Grant application #974 - 

CARDIOVASCULAR 


To: The committee comprising Drs. Bing, Jacobson and Wyatt 

Subject: Stephen Vatner, M.D., Peter Bent Brigham Hospital 
New application No. 974 

“Nicotine induced reflex coronary vasodilation” 



History 

This proposal was initially handled as case No. 210. Dr. Bing 
kindly visited Dr. Vatner in October 1973j enclosed is a copy of his 
comments. - . , v . V, 


C 


Request 


Application No. 974 requests $31,595 plus two additional years. 


Document Submitted 

Enclosed is application dated 1/28/74. 


FWN:ghi 

Enclosures 
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lliE council FOR tobacco reseapc 


v^App 1 ication of Stephen Vatner 




•'•••'••The application by Stephen Vatner deals primarily with establishment 
a reflex arc, responsible for the action of the effect of nicotine on 
. the coronary circulation. They have demonstrated this primarily by 
fe #,..ilndint coronary vasodilation in the dog on deep inspiration. This 4 p ! 

—. . » V ' ■•;*■ . ■ .-•■■■■■■■•■- ■' " v ' : 4 

;;=•' coronary vasodilation occurs without an increase in systemic blood 

"■ V ■ . . :• "... 

‘*V ’ pressure and the afferent and efferent arches of this reflex system 
|can be paralyzed with ajlpha and beta receptors respectively.' 

; , Th i s is a rather sophisticated work and the methods are extremely - 
Y '.difficult. For example, all experiments arc carried out oh completely 

^ unar.esthetizeu dogs wit!', implanted Dcppler velocity measurements 

• . . ........ 

:• around the coronary arteries and measurements of ventricular volumes 

rceans of sonar. Everything is recorded on tanes. 

. - * - - . 

r-v Unquestionably these workers are very knowledgeable and the 
.whole business of a coronary feflox as induced by nicotine is a 
fascinating one. I am not so convinced as yet that hemodynamic 


iWV. 


parameters do riot play a role, but even if this should be the case, 
it represents a most interesting project. 

I therefore would recommend that Drs. Vatner and Braunwald be 
encouraged to submit a regular application to the CTR to be acted upon 
in March. • * : 
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FEB 4 4974 


Application for Research Grant 
(Use extra pages as needed) 



Dare: 1/28/74 

_I i— J 


V 

1. Principal Investigator (give title and degrees)* 

Stephen F. Vatner, B.A., M.D, 

Assistant Professor of Medicine, Harvard Medical School and Associate in 
Medicine, Peter Bent Brigham Hospital. 


2. Institution & address: 

Peter Bent Brigham Hospital 
721 Huntington Avenue 
Boston, Massachusetts 02115 


3. Departments) where research will be done or collaboration provided: 

Department of Medicine, Peter Bent Brigham Hospital 


4, Short title of study: 

Nicotine induced reflex coronary vasodilation. 


5. Proposed starting date: July ± y 1974 

6. Estimated time to complete: _ 

3 years, 

7. Brief description of specific research aims: 

i.) The effects of intravenous nicotine, 4-20 pg/kg, on the integrated: control 
of heart rate, arterial pressure, myocardial contractility, cardiac output, 
total peripheral resistance and blood flow and resistance in the coronary, 
mesenteric, renal and iliac beds will be determined. 


2 .) 


3 .) 


The extent to which intravenous nicotine increases coronary blood flow and 
reduces coronary vascular resistance will be determined. The extent to 


which nicotine induced coronary vasodilatation is primary or secondary to 
changes in myocardial ©2 requirements will be examined by comparing effects 
of intravenous and intracarotid nicotine on coronary dynamics a) when the 
heart is in spontaneous rhythm, b) with heart rate controlled by pacing and 
c) after inotropic effects are blocked with propranolol, 1 mg/kg. In addition, 
arterial and coronary sinus oxygen will be measured to determine if coronary 
A-VO 2 difference narrows. 1003540235 


The efferent autonomic pathways involved in the changes in heart rate, total 
peripheral resistance and resistances in the coronary, mesenteric, renal and 
iliac beds will be determined by selective and combined blockades of beta 
adrenergic receptors with propranolol, 1 mg/kg, alpha adrenergic receptors 
with phentolamine, 1 mg/kg and cholinergic receptors with atropine, 0.2 mg/kg. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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The extent to which nicotine induced circulatory changes, and the induced 
coronary dilatation in particular, are due to nicotine's chemoreceptor 
stimulating action will be determined by injecting 0,2-0.4 jjg/kg nicotine 
through catheters previously implanted in the common carotid artery ~ 

just proximal to the carotid sinus. --'v';''. •• 

■ -• • -:' v - - 
The extent to which hyperventilation, through stimulation of pulmonary . -•■ 
stretch receptors, resulting from nicotine's stimulation of chemoreceptors, 
regulates the circulation and specifically causes coronary dilation will 
also be examined by hyperinflating the lungs in conscious animals. The 
effects of pulmonary hyperinflation on heart rate, arterial pressure, ; 
myocardial contractility, cardiac output, total peripheral resistance and 
blood flow and resistance in the coronary, mesenteric, renal and iliac .. 

.beds will be examined. / . 

The efferent pathways involved in the reflex pathways described in specific 
aims #4 and #5 will be examined as outlined in specific aim #3 above, ' ■ 

■ ... - .• • ■"■"/rj&iairt. 

Whether cigarette smoke can elicit coronary vasodilation in the conscious 
animal will also be determined by examining the responses of coronary 
blood flow, arterial pressure and left ventricular function to cigarette 
smoke inhaled through a tracheostomy. ' 

The above responses, specific aims #1-5, will be compared in the same 
animals after general anesthesia to demonstrate the importance of conducting ** 
this line of research in the conscious animal and to determine how general 
anesthesia modifies this aspect of reflex control of the circulation, - ' 
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^Jk'oricf statement of working hypothesis: 


Preliminary work in our laboratory indicates that intravenous, nicotine produces 
striking coronary vasodilatation in the conscious animal (Fig; 1). The goal of 
this study is to delineate the mechanism by which this coronary vasodilation occurs. 
Specifically, it is proposed to 1) demonstrate that the nicotine induced coronary 
^ ' vasodilation is reflex in nature and 2) establish the afferent and efferent pathways 
involved in this response. It is knovnthat nicotine stimulates chemoreceptors (1, 2), 
which in turn elicit hyperventilation (1, 2). It is proposed that the resultant 
hyperventilation, through stimulation of the lung inflation reflex (3-8), is responsible 
for the coronary vasodilatation. Finally, the extent to which this aspect of reflex 
control of "the coronary circulation stimulated by nicotine is applicable to the rest, 
of the circulation, i.e., left ventricular function, cardiac output, regional blood 
flows and regional vascular resistances will be examined. 


9. Details of experimental:design and procedures (append extra pages as necessary) 

BACKGROUND AND RATIONALE 

Existing knowledge regarding the cardiovascular effects of nicotine is based primarily 
on experiments performed in isolated organs or in open chest, anesthetized animals 
(9, 10). However, general anesthesia affects the control of the circulation exerted - ; 

by the central nervous system to a variable extent and alters every aspect of 
circulatory function including heart rate, the level of myocardial contractile state 
(11, 12), vascular resistance (13) and in particular, the coronary vascular bed (14). - 
and the distribution of regional blood flows (12, 15). Therefore, responses to normal 
physiological stimuli and to commonly used pharmacological agents may be quite different 
in normal healthy animals than in anesthetized animals or isolated organs. The 
applicants have demonstrated in conscious animals important differences from 
traditionally held' concepts derived from studies in anesthetized animals, in diverse 
areas such as baroreceptor control of the circulation (16, 17), the influence of 
increasing cardiac frequency on myocardial contractility (Bowditch phenomenon) (18 ) x _ 
increasing afterload on cardiac function (Anrep- effect) (19) , hemorrhage (20), the 
effects of catecholamines (21-23) and cardiac glycosides (11, 24, 25). 

It Is of particular importance to study the effects of nicotine on the coronary 
circulation in conscious animals, since nicotine exerts a variety of effects on 
the cardiovascular system (9, 10). It has direct effects on peripheral vessels, 
liberates catecholamines from adrenergic receptors and the adrenal medulla, 
stimulates the chemoreceptors, autonomic ganglia and stimulates myocardial con¬ 
tractility and myocardial metabolism. Despite the numerous investigations on' the 
cardiovascular effects of nicotine (9, 10), of chemoreceptor stimulation (1, 2) and 
. of the pulmonary inflation reflex (3-8)., the finding that nicotine through stimulation 
of chemoreceptor and secondarily, the pulmonary inflation reflex, causes striking 
coronary vasodilation, has not been reported. The goal of this study is to 
elicidate these effects of nicotine in the conscious animal model. 






METHODS OF PROCEDURE 


O 
O 

CJ 
2 

. 

•■■&***■ 


1. Implantation of Transducers . Two general preparations will be employed. One 
series of mongrel dogs, 20-35 kg, will be instrumented for studies involving 
control of cardiac output, total peripheral resistance and the distribution of 
regional blood' flows and resistances. Another series of dogs will be instrumented 
for studies involving control of the coronary circulation, left ventricle and 
., myocardial contractility. All operations will be conducted using sterile ^ 
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B. System for Measurement of Arterial and Left Ventricular Pressures . Arterial 
pressure will be measured by means of a miniature intravascular pressure gauge ' 
as developed by Van Citters and Franklin (28) , which will be implanted into the 
thoracic or abdominal aorta through a 1-2 cm. longitudinal incision closed by 
interrupted sutures to measure arterial pressure or implanted through a stab j# 1 ' ft - 

• wound in the apex of the left ventricle and closed by a purse string suture to 
measure left ventricular pressure (28). The pressure gauge 1 consists of a 
titanium diaphragm, 5 mm. in diameter, which has bonded on its inner surface a 
silicon element Wheatstone bridge, which provides high fidelity signals 
proportional to blood pressure. This unit is sealed and thus measures absolute ' 
pressure. The signal output of the pressure gauge is 30 mV for 300 mmHg pressure 


■ vi&TV 



change when excited by 5 volts DC. 




V i’ 






C, System for Measurement of Left Ventricular Diameter . A measurement of left 
ventricular diameter will be obtained by determining the acoustic transit time 
of 3 MHz ultrasound propagated between two piezoelectric crystals placed in 
opposition on the endocardial surfaces of the left ventricle. In operation, the 
dimension gauge as developed by Patrick and coworkers (29), provides electrical 
impulses to one of the crystals and senses the propagated ultrasound impulses . 

. received by the opposing crystal. Rectangular voltage pulses are generated, • 

-^the duration of which are equivalent to the transit time of the acoustic impulses, \777- 
and are time averaged to produce a voltage proportional to ventricular diameter, 

Experimental Protocol . ■ - Vv ■ .A;,.?' 

■ -v. • ;v : . \ 

The experiments will be conducted with the animals in the conscious state. Two 
to four weeks after recovery from operation, when the animals are vigorous and 
healthy, and after the animals are trained and accustomed to the laboratory and 
its personnel. - 


.%v 


A. Effects of Intravenous Nicotine . After control recordings at rest and: with 
the dogs in the basal state, small doses of nicotine (40 ug/kg) will be injected 
intravenously as a bolus. The resultant effects of chemoreflex stimulation and 
accompanying hyperventilation will be examined on heart rate, arterial and left 
ventricular pressures, left ventricular dimensions, myocardial contractility, ^ 
coronary and regional blood flows and resistances. The efferent mechanism will 
be analyzed' by repeating this procedure after selective and combined blockades of 
beta adrenergic receptors with propranolol, 1 mg/kg, alpha adrenergic receptors 
with phentolamine, 1 mg/kg, and cholinergic blockade with atropine, 0,2 mg/kg, 
Studies on the coronary circulation and myocardial contractility will be conducted 
with heart rate maintained constant as well. 


"STi 


In order to separate chemoreflex and pulmonary inflation inputs, the experiments 
will be repeated on a separate day in the same animals during an infusion of 
succinylcholine, 2-4 mg/min, and with respiration controlled with a Harvard: 
ventilator. Thus, the direct chemoreflex effects will remain intact and the 
indirect stimulation of pulmonary inflation reflexes will be eliminated. It Is 
.> recognized that succinylcholine is not an anesthetic agent} accordingly, no 
procedures will be conducted that would not be well tolerated by the dogs in the 
•conscious state with succinylcholine. Intubation will be performed after 
- spraying the larynx with a topical anesthetic. This procedure has already been ^ 
done in conscious man (30). 
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B. Effects of Intracarotid Nicotine . In order to separate systemic effects of 
nicotine from its simulation of chemoreceptors, nicotine will be injected in a 
bolus into the implanted carotid arterial catheters in small doses (0.2-0.4 ug/kg). 

The effects of intracarotid nicotine will be examined on the same parameters as j 

mentioned in section A. above; 1) in spontaneous rhythm, 2) with heart rate ■ 

constant, 3) after selective and combined autonomic blockades and 4) after 
succinylcholine infusion and with ventilation held constant. 

* ■ -J- • * • 

C. Direct Stimulation of Pulmonary Inflation Reflexes . The same animals will be 
studied on a separate day during succinylcholine infusion. After steady state 
control measurements are recorded, ventilation will be rapidly changed, both in • 
frequency and volume. The effects of brief periods of pulmonary hyperinflation 

on heart rate, arterial and left ventricular pressures, left ventricular function 
and myocardial contractility and blood flows and resistances in the coronary, 
mesenteric, renal and iliac beds will be examined. In the experiments involving the 
coronary circulation it will be important to measure right atrial pressure as well. The 
efferent autonomic pathways of these responses will be studied by repeating the 
procedure after selective and combined autonomic blockades. * 

D. Effects of Anesthesia in Modifying the Effects of Nicotine on the Circulation. . 

The experiments described above in subsections A and B will be repeated after general 
anesthesia with pentobarbital, Na 30 mg/kg. These experiments will demonstrate • . 

the importance of conducting research that involves an interaction between the 
respiratory and cardiovascular systems in conscious animals and will demonstrate _ 

the effect of general anesthesia in modifying this aspect of ventilatory reflex 
control of the circulation. 

E. Effects of Cigarette Smoke . The effects of cigarette smoke administered 

through a tracheostomy will be examined on the circulatory measurements described 
in' section "A" above, to determine if the same effects, particularly, coronary 
dilatation, can be elicited with inhaled cigarette smoke as well as intravenous or jr 

intracarotid nicotine. 1 ; 


o 

o 

CJ 
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Space and facilities available (when elsewhere than item 2 indicates, stale location): 


-4'*: 

** 


1600 sq. ft. of laboratory space Is currently being utilized by the nrinei-nal - 

«i»ais Sat mis n Lbor '° U<!agues *° r stud ^ s of circulatory function in conscious 
8 r>m *i Is laboratory, as well as existing equipment including tape recorder 

b 8 l“ osclll °S ra P h » and instruments for the measurement and rfdio telemetry of 
Wolfrf 1 ^if re ? SUre dimenslons wil1 be available for this research. These 
Childr^' i <1° "l iliZe axistin § animal facilities at Harvard Medical School, 

Wllldren S HO.QT’jft';?! PneoaraVi -f 1 A -f«< * 


r.: 

■ 


t A- 


„ -ouxiaax laciiiues at Harvard Medical School 

Children s Hospital Research Building, and the New England Regional Primate CenUr.^f^ 

,i . ' ■ • ■ % * -.T 




'MW 


. - •'-it ". .. 

. -.vm ;>-v 

■- - - .v.v»r 

• • ' X : ' - • : 


i. «T f ‘ - ■ : 


. ..-.w^ 


,v - 'i • 


^ ^1. Additional facilities required: 
None. 
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12. Biographical sketches of investigator(s) and other professional personnel (append): '■ V - 
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'16. Other sources of financial support: 

:r . t ..v list financial support from all sources, including own institution, for this and related research iprojccts. 


;-; .**sr 


i\ 



CURRENTLY ACTIVE 



y ^ T - . • 

Source 


Inclusive i 

- Title of Ri'ojccl 

(give grontinumbers) 

Amount 
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1) Cardiovascular control in 
normal and disease states. 

1 R01 HL15416-02 - N.I.H. 

$92,240 

1/1/73 - 12/31/77 

E. Braunwald, M.D,, Principal 
Investigator, 




2) Cardiovascular regulation in 
conscious animals. 

Established Investigator - 
American Heart Association 


July, 1974 - June, 1979 

3) Effects of nicotine and cig¬ 

American Medical Associatioi 
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arette smoke on coronary dyna¬ 
mics, blood flow distribution 

Grant # 407 

$19,985 

Nov,1,1972 - Oct.31,1974 

and myocardial contractility in 
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conscious dogs. S.F. Vatner,M.I 
Principal Investigator. 
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4) Cardiovascular Control meoh- 

American Heart Association 
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• It I* understood that the invcstigalor and institutional 

• officers in applying for a grant have read ond accept 
the Council's "Statement of Policy Containing Conditions 
ond Terms Under Which Project Grants Are Made." 


Checks payable to 
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Principaf investigator 
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Signature 
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Responsible officer of institution 
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Signoture 
Telephone. 
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Figure 1: Responses to intracarotid nicotine 4 no' ^ n,» _ , ' /4-Sv • 

(left panel), after beta receptor and cholinergic blockades (middle^a^n *?V' lth spontaneous ventilation^; 

pentobarbital, Na anesthesia (right panel) RecnnneocYf u j die panel), and with controlled ventilation after*' 

and mean arterial pressure, lift EJEScJL T/ttVr T° «•*. 

flow associated with chemoreceptor stimulation and hyperventilation in°th* Note the striking increase in coronary'- Cf 'Mf 
and the absence of virtually any response at this dose £f nicotine in *-£ COnSci ? us animal < lef t «nd middle-panels) 4Y|f 

8 6 of nicotine ^ the same animal after anesthesia (right panel) 
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November 29, 1973 

- "• ‘ - - >i 

Grant application No. 623C . _ . 


PHARMACOLOGY 


To: The committee comprising Drs. Bing, Gardner, Sommers 

Subject: Walter B. Essman, M.D., Fh.D., Queens College of the City- 
University of N. Y. 

Continuation application No. 623C 

"Studies of Nicotine Action Upon Memory Consolidation" 

History 



Dr. Essman’s grant for this study (one of two he has from CTR) 
has been active since the beginning of 1968 . His current support, in 
the amount of $21,579j was awarded as "terminal". Hence his enclosed 
request is in our parlance a "continuation", meaning that it competes 
as a new grant. 

Request 



Application No. 6230 requests $22,567 plus two additional years. 


Documents Submitted 


1. Attached is progress report, January l 6 , 1973 - 
November 15, 1973 (14 pages). 

2. Also attached is application dated U/ 15 / 73 . 

. 3. Reprints of the five publications listed on 

page 3b were provided. They constitute a stack 
an inch and a half high (Dr. Essman is never at 
a loss for words) and will be forwarded only as 
you request. 


Also submitted was another inch and a half stack 
of earlier publications most of which you have 
seen before. 
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PHARMACOLOGY 

The Council For Tobacco Research -TLS. A., Inc. 





liO EAST 30 tH STREET 
NEW YORK. X. T. 1 0092 
{2lii> 42I-ASH3 




Appticohon for Research Gront 

(Ui* extra page* a» needed)^ »^0V 2 6 1973 


n 


Dal., 11/15/73 


■?: ' *5-i- 

. >- jA ;'»V j^v/ • 

:• • • « V '& •“'! *' 

* iv ’>;$. 

•i .; " ’ • 


1. Principal Investigator (give fillkond degrees): 

Walter B. Essman, M.D., Ph.D: 

Professor of Psychology § Biochemistry 


2. Institution & address* Queens College of the 

City University of N.Y* and 

6S-30 Kissena Blvd. 

Flushing, New York 11367 


The Research Foundation of 
the City University of N.Y. 
1411 Broadway 

New York, New York 10018 


3. Departments) where research will be done or collaboration provided; 

Psychology, Biochemistry 

4 . Short title of study*. “Studies of Nicotine Action Upon Memory Consolidation* 1 


:C 


5jA 

Ue. . r \«L>~.- ..a 

W* * .X* 


r» 

J ,!>*•>- • * * 4 

' *t - ' - I 


.7 -■ 
./* 


J - 4 
*f ✓ s*' 

l r* • 


>d».> hr^ V, * ! 

'’&$> i** 

V* t r/» ,r** v 

■*- iV;w: 


* 5. Proposed starling dale: April 1, 1974 

6. Estimated t.meta complete: 36 mont hs (3 years) 

7. Brief description of specific research aims: 

The aims of the proposed research are to extend the current active work concerned with 
the relationship between nicotine action upon regional cellular and subcellular sites in 
the central nervous system to the process of memory consolidation. Such investigation 
will, more specifically, concern (1) the effects of nicotine action as a function of 
development; (2) the effect of nicotine and several of its metabolites in several inbred 
strains of mice, utilizing the proposed methods in this investigation; (3) the relationship 
of age as well as Strain to centrally induced amnesia phenomena and' their interaction 
with nicotine and (4) concern the relationship between nicotine effect and memory consoli¬ 
dation on a cellular level. 

C The aims thereby, of this proposed project are to relate two important parameters to 
the findings that have already emerged in the relationship between nicotine action, 

continued on next page- . , 
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7, Brief description of specific research aims: continued from previous page. 

\ ‘ * v ’* > . 

metabolism, and mediation of central aminergic changes to memory consolidation. Because 'b?v* 
* ‘ * 
of the potential significant contribution that nicotine holds for extending the memory ~’*\CC' V 

'^consoldiation process, and on more pragmatic grounds, for nicotine neuropharmacology. 

^the important parameters of age and strain would appear to warrant more detailed con- 

-v~** *• * ,v ’ :>* 

Tsideration in this context. ' 
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8* Brief jtatemenr of working hypothesis; , 

• *" ’ ... 1 - * *Cs % .. 

Kithin defined parameters of time and dosage, nicotine and several of its centrally active * * 

- <VJK' 


metabolites can alter the time course and nature of the memory consolidation process; 

-\ ' * * * ► ~*C 1*- 

xs o/the relationship between this observation and several cellular and regional alterations* 

■ •*: • • • vs 

-in amine metabolism might be modified: the facilitation of memory consolidation by nicotine 

. . .<• - - / .-,r; 

-^treatment can be modified as a function of age from the specific strain in which treatment 

-^regimen is being observed. Endogenous differences in the regional and cellular characte^^p 

.. . * * * - • * - 

^istics of these biogenic amines with which both nicotine or amnesic agents or effects 

s ^ # ^S.Wv<» i X?v' rv : , C - ' ‘ • ' lX,K \ 

^interact, is determined by age differences and/or strain differences that will contribute 

. .. ‘ » * -* . - hV 

r«to a more fundamental understanding of the relationship between nicotine action and memory VS 5 . 

* ••• . • -;:^0 

^consolidation. -''"nj-rfei 

X.*’ ‘ 9. Details of experimental design and procedures (append extra pages as necessary) * . 

\ 


-^The behavioral portion of all the experiments to be carried out will employ the single trial 

V' “* * 7"*.‘ * ‘ ‘• -t * ■ * an * - i}*c 

.^conditioning procedure, previously described in our protocols for establishing a stable 
* 'X^ r . ’ r - * - —. - ' 

S ddance response in one trial. This response, which is stable over time as well as within 

*•«! ^ i Ji 4 .: «« « u ~ +- ~ ^ — i ~ ^ rrr* ^ V 1 .© 1K8SKS& 


‘^experimental conditions, has been successfully utilized to assess the amnesia effect of 

C ‘ • vr - . * * ■ ■ *. .•». • : * * - * . * • •• r *. 

' ‘ .■ 

xectroconvulsive shock, and other agents or events which, when presented in close temporal "" 


'^3*, , , , 

vfH' 




proximity with the acquisition trial experience, result in a reduction in the incidence of At: 

:.Cw - A -♦ 

ilxetention, as measured 24 hours later; amnesia and/or retention axe assessed by measures ' 


c« in **v. 


7,of response latency so that criterion avoidance is defined on the basis of latencies'in 

, »< K . ^ H *«i 

Vjexcess of five standard deviations of the mean latency exhibited on the training trial and 




^VAWWW^ ^ w ^ ^ UW Vi,OI^J, VUJ V X V41U JUV UU ^ UUWiJ. w UAJilJLUl. VU VU W training 

; v\ * 

.,an absence of retention, or retrograde amnesia, is defined as a response latency on the 

- *.r < . ' AA' V 'AV 

* testing trial that is equivalent to or within one standard deviation of the mean response . ' ‘ 
latency shown on the training trial. This procedure has been successfully utilized in our 
laboratory with over 20 ,000 mice during the nine to ten years within which the technique * ^ ^ 
was originally devised by this investigation. A more detailed description of procedure, ^ 
parameters governing acquisition and retention, and some of the applications thereof, * -O 

, A'-v . -• . * '* ' »• . '*.*.*" ^ '* *r V' 
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9. Details of experimental design and procedures -- continued from previous page. ' ., 

'^ | * 

obtained from a commercial vendor or specifically bred through vivarium facilities 

■ikxirktt-*■■■■■■ ■ ■ • ■ ' ■S^ i -i'ScS 


differences, -r.j 




located within the investigator^ laboratory, for precise control over age dif 

.... 


^'The strains of mice to be utilized will include CF-1S strain (Carworth Farms, New City, '•tar*'' 




v * 


New York), which have been employed throughout the course of previous investigation; 
vfe-TVV- • • • • 

57 BL/6J, a strain of mouse which in previous experiments has shown highly efficient 

V. ' 

..^learning ability, has demonstrated a profoundly decreased susceptibility to the amnesic 

* • .* C' 

rmc .-.aeVv, 


^effects of several post-training treatments producing retrograde amnesia. Previous 

rftiwV jr* * * • • 

***‘w-/ * ** 

experience with this* strain has included only learning ability animals, and the use 


41 v.vr. 


* of this strain with nicotine has not been employed. It is also our experience that * ** 
*whole-brain 5-HT levels in this strain are somewhat higher (0,75 yg/g) than average 


iPft?*** -- 

Rvalues (0.49 yg/g) obtained at comparable ages for CF-1S strain mice. A somewhat more . 
^^'emotionally labile mouse will be selected for the 3rd strain included within this series, 
.he DBA* strain. This strain of animal has, in previous experience, been shown to be 
£’ an extremely poor candidate for most of the studies in which it has been employed. 


X. The animal is a poor learner under conditions: where response acquisition has been 




^'demonstrable; increasing susceptibility to amnesic agents and/or events, has been shown. 

*• " - :* '• , . .~\*1 
* y . s 

* n r^*.T. 

purpose in using 3 different strains of the genus Mus musculus, is to provide -,':*<>*v 

’.Sir * * \ ***• *- '(, 

' f for age differences as well as differences which, in the mature mouse, occur in relation . 

' •T’ 1 ’ ' ^ ■ • • - __ „ 

to amnesia susceptibility. 1003540312 


Animals from the designated strains will be utilized- from 16 to 35 days of age 
and the specific experiments will concern: (1) effects of nicotine and its active 
, metabolites upon memory consolidation during early development among several strains 

' < Aa X 

. +** of the genus Mus musc ulus. Effects of two amnesic treatments will be independently r 

C assessed in this group of mice. Transcorneal ECS or intrahippocampal 5-HT, as have * 

-. 0 -’ ’■ ’• - . i .VC7*' 

.been previously documented in the CF-1S mouse, which in present "studies will constitute^ 

1 ’ conditi oning ” ‘^ysi ! w 

zzixi;' 
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in nicotine treated mice. The temporal gradient for the expected retrograde amnesia 


f jffect of such treatments will be assessed as a function of age in which stress ; 

■ relationship emerges between drug treatment and the antagonism of retrograde amnesia 
will allow for the specification of the parameters within which subsequent experi- 
••Aments may be carried out; (2) Identification of the temporal relationship between 

M -.. ,■, ,|ggfe 

JSfthe effect of nicotine and/or metabolites and cerebral amine metabolism. On the basis 

£jiV*of previous findings, it seems appropriate to pursue the hypothesis that nicotine : 

. * ‘ . . / 

dtasjkinduced antagonism of a retrograde amnesia stimulus depends upon the ability of such ^ 

, V ■ • • • • 

7^ treatment to block the neurochemical sequela of the amnesic stimulus. Such sequela 

.£~have been specifically, brain biogenic amines, notably 5-hydroxytryptamine. Therefore, " ‘ 

\^r v , ' .. * ' 

relation to the time course of the aminergic effect of nicotine on several agents 

several strains of mice, the interaction will be studied for both ECS and intra- 

' ■'* ’ ’ 8 * '* • " : '• * ‘ 

^r^hippocaropal 5-HT as predictable amnesic-inducing agents. (3) Specific cellular 

’ '• * t - ... . . 

effects of nicotine and these metabolites as related to memory consolidation in several 


c 


., strains of mouse during late development. The relationship between developmental age 


and the susceptibility of amnesic agents or events has emerged as dependent upon the 


;*-Av * * 


-r.fci-** 


-/- status of brain amines, their lability in relation to amnesic stimuli, and the influ- 

• - - - , * »**- 

ence of such alterations upon cerebral protein synthesis at specific cellular sites. 

' - * * 

*5^,-This series of experiments will be directed toward the elaboration of age and strain 

£-r;^ ^> .**»* ***•’ Tv: 

* ““ ■*“ **■*•£%• 

variables as they contribute to amine regulation of protein synthesis. This relation- 

ship will be explored in animals treated with nicotine and several cf its active 
metabolites and the effects of such treatment upon 5-HT-and protein synthesis-changes ’ * 

* J 4, 6. 

produced by amnesic stimuli. These relationships will be examined on a regional, cellular 
and subcellular level and if sufficient time permits, attempts will be further made 

* y v * • 

at the identification of the proteins, which for specific age populations or strains, 

..V-:**; * •, v * . . \ «... . *. ; . u : 

- '* ,* ' » * * . * » , Y* 

..^becomes resistent and/or susceptible to inhibition by amnesic stimuli• ^ ^ 
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air-conditioned laboratories with adjoining vivarium facilities are currently 

in use by the investigator. All equipment necessary for the behavioral and biochemical 

Vjy -v..« - * * - 

"procedures involved with this proposal are available and no additional equipment 

.. ’* ■ 

needs are anticipated for the duration of this project. 





11. Additional facilities required: 


NONE 


o 

12. Biogrophical sketches of investigator(s)'and other professional personnel (append): See Page 3a. 


O 

o 

cn 

o 

CJ 




13. Publications: (five most recent and pertinent of investigator(s); append list, and provide reprints if available). 
See Page 3b. 
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12* Biographical Sketch of Investigator: 


4 * 


► . i* V t ' . 


Education: 

r-S^'u^K. ■ 

- Ph.D. 

•k<v .* - 

\ '• ' •- ' 

ty/.'.vV. . M * D - 

“.A. 


WALTER B. ESSMAN 


University of North Dakota, 


(Major: Psychology; 

Minor: Medical Sciences) 


(Cum Laude) - University of Milan, 7^ 

r 

University of North Dakota, ■R 
New York University, 7^ 


* i'vy^r 


- - 


■ 

- 1 t » 

' 


Experience : 




, : Professor (Psychology, Biochemistry), Queens College of the City 

JL*/,,' - - * - University of New York, 1967 - Present, - , . , v ,» . 

. - * * 

tvyj- *' *.c“- * - * • • '•••** * > ‘ * * * 1 /* ' a- - - 

‘•Vv / - ^ Associate Professor, Queens College of the City University of New ’ ’ * 

’^r ' • York, 1965-66. • *' f • :/ ' ,fr:S 

Assistant Professor, Queens College of the City University of New * *’ 

.* " * . York, 1962-64. 

Research Professor, Neurology, Mt. Sinai School of Medicine, New 
- York, 1972 - Present, * - ' •" 

■‘. f ' * • Research Associate, Laboratory of Neurochemistry, Mt, Sinai School of •“ 

. “ Medicine, New York, 1966-72, * . * ' vS“' 4 

“ 'i . ' . « t $\i * “ 

ST, ^, * ~ r c‘\ 

• Research Fellow, Laboratory of Neurochemistry, Mt. Sinai Hospital, : vr: ']i 

New York, 1964-66. * ‘ . ^ " 

Research Assistant Professor, Dept, of Rehabilitative Medicine, Albert 
Einstein College of Medicine, 1962-63. 

Research Associate, Dept, of Physiology, Albert Einstein College of 

Medicine, 1961-63. ^ 

O 

Senior Post-Doctoral Fellow, Neurophysiology, Albert Einstein College 

of Medicine, 1959-61. ' £j ',V" 

; M ‘ /-? 

Director, Psychophysiological Research, U.S. Army Surgical Research S 

• t- Unit, 1958-59. ; -w^ — r ^ 

TV-;;*' 

• ■ ^ ^:'y ■ . - .. /'i- [ j T * * s 
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Or- 

13. 


- " 'V At* 

«■-' ' :**y * 

.Cf*' ’• n l V 5 s • 

* K-'-> - * t*i v 


/ . ?•!_ . - 


‘ V J* 




Publications (5 most recent): 


1* Essman, K.B. Neurochemistry of Cerebral Electroshock , New York: 

, I.,.* Spectrum Publ., 1973, *• - 

* S • - • * >t ^ 

2. Essman, W.B. Neuroroolecular modulation of experimentally induced 
retrograde amnesia. Confinia Neurol., 1973, 35: 1-22. 


3. Essman, W.B. Effects of ECS on cerebral protein synthesis. In: 

• Fink, M.,’Kety, S.S., McGaugh, J., § Williams, T. (Eds.). The_ (/ > 
v •• Psychobiology of Convulsive Therapy. Washington, D.C.: V.H. 

Winston 5 Sons, 1974, 237-249. 

. 4. Essman, W.B. Drug effects and learning and memory processes. In: 

Garattini, S. and Shore, P. (Eds.). Advances in Pharmacology and 
Chemotherapy. New York: Academic Press, 1971, Pp. 241-330. 

5* Essman, ft.B. Changes in cholinergic activity and avoidance behavior 
by nicotine in differentially housed mice. Int. J. Neurosci., 1971, 


2: 199-206. 
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R: REDACTED MATERIAL 


••• ‘^.- > ■ ~ ••-- 

?y. 14. First ytat budgets \* M -• " >-•. . •••••, . -•/'.. 

,'^tCv • K, SaWiov (give name* or stoic "to be reeruited'O • ' 

_ V'..l■ ‘ Professional (give % time of investigator(s) 

. even if no salary requested) 

'. )' aV‘v'- : ■■ • s ‘ • - 



% time 


Amount 


, “ > 


' :•> .'t-'-i * y ^ -* 




Dr. Walter B. Essman 


100 % 


Technical 


Traum, John - Technical Assistant 
Rosenthal, Richard -- Assistant 


+16% Fringe Benefits 


100 % 

50% 


a 

m 

■63> 


O 

W 

h«si 

>**0 


B_Consumable supplies (by major categories) 


Sub-Total for A 


Animal Purchases 

,f Cleaning, Bedding 

Chemicals, Glassware 


3 


Disposable Cages 


* >r*x 

* i C. Other expenses (itemize) 


800. 

600. 

840. 

450. 


Sub-Total 1 for B 


$2,690. 


International Symposium on Memory 
Processing, Milan, Italy, June *74 
Endocrine Society, Chicago, Ill., June 1 74 

American College of Neuropsvchopharmacology, Sub-Tote! for C 

San Juan, Puerto Rico, Dec. ’74. 

Running Total of A + B + C 

D. Permanent equipment (itemize) 


$ 1 , 100 . 


$19,624. 



NONE 



E. Indirect costs (15% of A+B4-C) 
15. Estimated future requirements: 


Year 2 
Year 3 


Salaries 

¥ 


Consumable Suppl. 

$2,690. 

$2.690. 


Sub-Tolal for D _ 

E $ 2,943.60 

Total request _$22 ,562 Lj6Q— 

Other Expenses Permanent Equip. Indirect Costs Total 

$1,100. _---_ $2,943.60 $22,567.60 

$1.100- _—_ $2.945.60 $22.567.60 


Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 
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R: REDACTED MATERIAL 


> it 

H ' U * * 


■ - '^:v ; - 

-V «•- 

yT-'s 2 ’* **''**&'*’ ,v - 

„"i./ ' 

v_ 1 

• vVi- {r:^ 

* •* -v' 

v» < "!v 

-j / 

* ^‘.i * 


• * v* . 

•• S' Vj~' ■ 

• *:-;:V u- 
. .. 

tu . ; * • ’ 3 ■ 


* 


16, Other sources of financial support: 

UjI financial support from oil sources, including own institution, for this and related research projects. 


. ..7 r ? 
. J 


w 

K 


"4 r 

y - f> * 


It it understood that the investigator and institutional 1 
officers m applying for o grant hove read and occepl 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Mode " 


Checks payable to 

( earch Foundation of C.U. N.Y. 


Principal investigator 

Typed Mame K * altcr B. Essttian, M.D, , Ph D, 


Signofure _ 
Telephone _ 




R 


Responsible officer of institution 

!• Hannah- Petzenbaum 
Typed Nome 2, David H, Speldel. 


Moiling addfess for checks 
Mr, Paul SegalT, Comptroller 


V 

CURRENTLY ACTIVE 

— 

1 

\ 

Source 


Inclusive 

. Title of Project 

(give gront numbers)* 

Amount 

Dotes 

; Metabolic Response to 




Stress — Tobacco Smoke 

RF-09358 

$ 44 , 000 . 

10/1/73 - 9/30/74 ■’ 

Interactions 

C.T.R, 1836A 


1 

| 

Role of Nicotine Action 



l 

1 

Upon Memory Consolidati* 

m RF-09410 


j 

• 

C.T.R. #623BR1 

$21,S79. 

4/1/73 - 3/31/74 j 


PENDING OR PLANNED 




Source 


Inclusive 

Title of Project 

(give grant numbers) 1 

Amount 

Dotes 


V, . Research Foundation of C.U.N.Y. 
r &r<% ; —14 u B xaadv^, 

* ' ' Mew York. NY 


1. Research Foundation - Queens College 

. A\ 


New York, N. Y. 10018 

- ^ : *fp 



i/., 



\c „ Date 1_ 

a &LjJL 

r• 


-* ~ ? V 


v 

r ” 


* * <> 


. :* 

? 


4 

h* 

O f 

8 

2 

■O' 




1 

V' * \ . , . ' ! v.- „.*■ ^ -*© 
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Tin*: Council For Tobacco IJkskakch—U. 8 .A., Inc. 


February l4, 1974 

( • 

Grant application No. 970 




C 


PHARMACOLOGY 


To: The committee comprising Drs. Bing, Jacobson, and Sommers 

Subject: Herbert McKennis, Jr., Ph.D., Medical College of Virginia, Richmond 
New application No. 970 
"Pharmacodynamics of Cotinine" 


History 

CTR grants to Dr. McKennis, under various titles, began back in 

1956. 

In October 1973 a renewal request "Biological Activity of Tobacco 
Smoke Components and Allied Substances" was denied. Terminal support to •* "'*<■'-■ 
April 1, 1974 was provided to help ". . . in making orderly staff and pro- _ 
gram readjustments . . .". . ' . r - “ 

The enclosed proposal has a new title and appears to attempt some¬ 
what modified emphasis. 


Request 


Application No. 970 requests $ 38,662 plus two additional years. 

The budget is wholly for salaries of Drs. E. R. and F. J. Bowman, previously • 
compensated from CTR grants. 


Documents Submitted 

Attached is application dated 1 / 17 / 74 . 


Comment 


Dr. HOckett may wish to comment, particularly since he has had 
recent discussions with Dr. McKennis. 


FWN:gh 
Ends. 




F.W.N. 
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the intend ^ n ^. real or all eged responses to smoking are numerous, it is 
. .. . I!X^ § the first y ear to emphasize only those aspects of the 

in which there are already well-established, interesting leads. 
These pnncipie current leads arise primarily from past studies here 
and elsewhere on cardiovascular and lipid-metabolism effects and suggest 
that some of the metabolites of cotinine may serve to block through 
irect competition the action of nicotine at various receptor sites. 
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8. Brief statement of working hypothesis: 

^ The metabolism of nicotine via cotinine leads to a number of com¬ 
pounds in which there has been further alteration or degradation of the 
pyrrolidine ring of the parent nicotine. These transformations take 
place at varying rates depending upon genetic control, dietary and other 
factors which affect pH of physiological compartments and structures, 
rate of absorption, excretion, etc. This permits possible participation 
of numerous nicotine metabolites in various physiological functions and 
, in the possible suppresion of various effects attributed to nicotine by 
itself. The extent to which these effects may be observed will be de¬ 
pendent in part upon rates of formation and on degree of concentration ~ 
; „of the metabolites in various parts of the body. Various lines of evi- 7‘ 
dence suggest that cotinine, which is detectable in the body long after 
nicotine has disappeared, may participate in producing some subtle :< 
..physiological consequences which may become important as a result of 
future study. 

0>'- r After the initial isolation of cotinine as a mammalian metabolite 
of nicotine (McKennis, Turnbull, and Bowman, J. Amer. Chem. Soc. 79, 1342 
(1957)), it was established that rather large quantities of cotinine ad- 
ministered to man and other animals under varying conditions produced 
... . . (continued) 

9. Details of experimental design and procedures (append extra pages as necessary) 

• - .. . ..... . •• • ........... , . .. ;■ .... -. 
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8. Brief statement of working hypothesis: 


Continued... 
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no apparent adverse reactions. For example, in one experiment (McKennis, 

Turnbull and Bowman, J. Biol. Chem. 238 , 720 (1963)) a male subject 
received 10.8 g of cotinine injiivided doses *o£* a six day period for the • . ? 
purpose of obtaining nicotine metabolites that are derived from the inter- 
mediate cotinine. No adverse effects were reported, and in another study ' 
lesser amounts of cotinine (approximately 50-100 mg per day orally for several 
weeks) were received orally by 33 subjects. The clinical reports are of J- •• • 
such a nature as to suggest that cotinine is well-tolerated. ^ .;. *?.. 

; Recent data from various laboratories showjf a rapid disappearance of 
nicotine from the blood of human subjects following smoking (see, for ex- 
ample, Langone, Gjoka, and Van Vunakis, Biochemistry, 12, 5025 (1973)). 

The rapid fall in nicotine levels in the blood is followed by a rise in 
the reported cotinine levels in the serum. Cotinine is then excreted 
in the urine as itself or in the form of a variety of mammalian metabolites 
which include many in which there has been further chemical alteration of ^ 

the pyrrolidine ring of the parent nicotine. The list of compounds thus 
Implicated in the nicotine metabolism, which is rather extensive and has : 
been previously reported in the literature and in reports from us to the 
Council for Tobacco Research, includes 3-pyridylacetic acid, 4-3-pyridyl-4- 
oxobutyric acid, 4-3-pyridyl-3-methylaminobutyric acid, 4-3-pyridyl-4- .:■» 
hydroxybutyric acid, 4-3-pyridyl-3-butenoic acid, 4-3-pyridylbutyric 
acid, N-3-pyridylacetylglycine, 3-hydroxycotinine, - 5-hydroxy co tinine, and' 
demethylcotinine. ‘ . J ;' ' 

In essence, one may say that cotinine, which is clearly detectable in ; ‘ 

the blood many days after the cessation of smoking, represents a slow ' 

release form (via metabolism) of the listed substances. ■ A' vi.-,”’- 
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9. Details of experimental design and procedures: 
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For illustration, provisional experimental designs and procedures 
are briefly summarized in three areas in which some of the interesting 
results or leads already have been obtained. 

•..•'•• ... I. Effect of Cotinine Metabolites on Lipid Metabolism 
... Various experimental procedures that have been employed in man to 
study the effect of numerous agents in depressing or elevating serum free 
fatty acid (FFA) levels have been described. In particular those related 
to smoking have been reviewed in the Tobacco monographs of Larson et_ al_. '• ; 
Other aspects are reveiwed in Metabolic Effects of Nicotinic Acid and Deri¬ 
vatives , edited by Guy and Carlson, Hans Huber Publishers (1971). Some of 
the difficulties of such studies include stress or excitation to the subjects 
as a result of the experimental procedures. The stress may often mask 
the inherent activity of compounds under physiological investigation. 

Recent comparative studies on the effects of various 3-pyridyl- 
alkyl carboxylic acids on preventing epinephrine-induced FFA rise in dogs. 

It becomes desirable to parallel the techniques described in the two cited 
by Carlson et al in initial experiments. It may be noted that there already 
exists data (Acta Pharm. Suecica 9_, 405 (1972)) attributing to 4-3-pyridyl- 
butyric acid on a molar basis a greater potency in suppressing FFA rise 
than that of 3-pyridylacetic acid. Both of these acids are involved in 
the metabolism of ^njg^toine. By analogy with other data, 4-3-pyridyl-3- 
butenoic acid and 4-3-pyridyl-4-hydroxybutyric acid may have similar 
interesting action in this regard. These substances, N-3-pyridylacetyl- 
glycine, and other substances in the degradation of cotinine deserve 
experimental consideration, since cotinine may be considered to be a 
.slow-release form of the various compounds. Additionally, since 4-3- 
pyridylbutyric acid is probably metabolized to 3-pyridylacetic acid, the 
butyric acid derivative and ether nicotine metabolites can be considered 
slow release forms of 3-pyridyIacetate. 

II. Inhibition of Direct and of Indirect Effects of Nicotine on Smooth Muscle 
.. Various model systems of varying degress of simplicity have already 

been employed in this laboratory to search for possible inhibitory control 
of the effects of nicotine on smooth muscle systems. The procedures which 
are based on whole or in part in application of standard literature to 
various pyridyl compounds and nicotine metabolites (Kim, Borzelleca, Bowman 
and McKennis, J. Pharm. Exp. Therap. 161 , 59 (1968); Konzett, Bost, Bowman, 
Bowman, and McKennis, J. Pharm. Exp. Therap. 178 122 (1971); McKennis, Chang, 
Bowman, and Wilson, Fed. Proc. (1974) submitted recently and previously 
supplied by copy to the Council). 

(a) Aortic Strips - A possible suggestion of validity already es¬ 

tablished for the experimental design arises from studies (recently completed 
and unpublished) on contraction of rabbit aortic strips. After first 
establishing a standard response to nicotine and metanicotine, it was shown 
that pretreatment with two selected nicotine metabolites 3-pyridylacetic 
acid and N-3-pyridyIglycine provide a partial or total block, inhibition of 
the contraction produced by nicotine or metanicotine. Precise mathematical 
relationships between the dosages required for stimulation and blockade 
with the various substances remain to be determined. - • 

(b) Isolated Intestinal Segments - Practicality of the use of isolated 
intestinal segments for studies in vitro on possible antagonism between 
nicotine metabolites and nicotine itself has been previously demonstrated 
(Kim, Borzelleca, Bowman and McKennis, J. Pharm. Exp. Therap. 161 , 59 (1968).; 
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(c) Peripheral Vascular Resistance in the Perfused Forelimb of the Dog • 
v This model has been employed (Konzett et al, J. Pharm. Exp. Therap., 

178 , 122 (1971) in this laboratory to study the histamine-like effects of • 

betahistine during the course of clinical work by other investigators, }^ 

who noted improved circulation in the brain and other organs (excluding 
the kidney) as a result of oral administration of the compound. The use ••/••• 

of this preparation for studies on nicotine and its metabolites has al- " 

ready been reported to the Council for Tobacco Research - USA. With some .. 
substances in the nicotine series a "trimodal" type of distribution in ' 

biological response was noted. It has been suggested to us that a definable 
genetic basis is implied by the type of distribution. Irrespective of '' 

interpretation, this type of variation has limited the usefulness of the : i' 

prepration in many studies. However, the simplicity of the surgical pro- 
cedure to provide blood delivery at constant flow with changes in resistance 
(pressure) readily measured makes the preparation useful adjunct in experi- -■% 

mental studies. ■ v n; *. 

• , . (d) Possible Mechanism of Physiological and Biochemical Antagonism 

to Some of the Actions of Nicotine ' T *■*. 

Preliminary studies on the effect of diamine oxidase (pig kidney .. ■ 

origin) on various nicotine metabolites were reported in a report to the 
Council (October 1, 1973). The data suggest that dihydrometanicotine / 

and metanicotine, two metabolites of nicotine, are rapidly oxidized by the 
enzyme preparation and that these substances can inhibit histamine oxidation. 

"Such studies are of interest if one considers that contraction of capillary 
sphincters is under adrenergic control and that this contraction is opposed ■ 
by histamine. In other words some instances of improved or unimpaired .. • ~"V-VV”’?V4 

microcirculation following exposure to nicotine may be ascribable to a : 

biochemical protection of local histamine which may be capable of opposing , 
the actions of local or peripherally released adrenergic substances. Other • 

interpretations, including inducement of platelet deaggregation, are of 
course possible considerations. Enzymatic studies of this type and' others 
have, of course, a direct and indirect bearing on central nervous system 
effects of nicotine. . 

•(e) Chemical Considerations 

In the sequence of known compounds leading from nicotine through • .* 

cotinine to 3-pyridylacetate and its glycine conjugate, which is more potent - -r 
than pyridylacetate as a nicotine antagonist in preliminary studies in vitro , ; 
methods for synthesis have already been described in publications from this •' 
laboratory and are cited as references or additional references in section 13. ' 

The most recently reported and most convenient route to 5-nydroxycotinine is ’5T. 
via dibromoticonine. The method for synthesis of the latter appears in a ! .v. 

an attached reprint (J. Chem. Soc., Perkins Transactions I, 2046-2049 (1973)). 

(f) General Comments GA -V 

On the basis of preliminary studies already conducted, it is reasonable ^ 
to anticipate an increasing number of instances in which pharmacological O 

antagonism to nicotine by its metabolites may be uncovered. Since better 
assay methods for the metabolites of nicotine and nicotine itself are rrt 

-continually being developed throughout the world, it will become increasingly > 

easier to interpret the possible significance of these pharmacological -r 

events. Already it has been demonstrated from the experiments of Schmiterltfw “ 
et al and of Waddell that there is considerable difference in the dls-- .-T-.:v i * 
tribution of the radioactivity of nicotine-C -methyl (after injection 
the compound into various strains in mice. This difference may reflect 
a difference of concentration of nicotine or metabolites in various areas’ 
of the body; such features may suggest a pharmacological activity of 

metabolites as "anti-nicotines" in excess of that activity now projected ' i -- ! v flltf 

from smoking data and existing data on cotinine levels in plasma which 
follow smoking of tobacco. ' .~ 

I’/iv r’ : '’ •’ t ;-*'*-•.\ 
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^ Although not part of this study, there are additional features which 

make the study interesting to us. These include the possibility that some 
seemingly desirable central effects of nicotine may be mediated in whole 
ar: : . ®r l n part by peripheral effects. As an example, it has been considered 
, that some of the desirable psychological consequences of cotinine reported 
5 by human subjects could be ascribed to a mild muscular relaxant property. 
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10. Space and facilities avoiloble (when elsewhere than item 2 indicates, state location): 

•V .Two laboratories (approximate total of 800 sq. ft.), well-equipped for 7 : ’ 

^7 . chemical and pharmacological studies, are available for these studies. In - • 7 

addition, there are two instrument rooms which house spectrographic, chromatographic, 

, V and radioactive counting equipment. Animal quarters (shared with others) are 
•’•/ available for small mammals and large animals (horses, etc.) are kept in rented 

• f . areas or at a school animal farm. ■■ 

*' List of some major items of permanent equipment available for this work: 

X: * ■ ■ Caty recording spectrophotometer, model 11-PM _ ; 

• (i 7 Grass polygraph, six channel, model 5 

..... Nuclear-Chicago liquid scintillation system, 720 series 
; ' 'y Beckman amino acid analyzer, model 120B 

Perkin-Elmer gas chromatograph, model 801 
Nuclear Chicago gas chromatography counting system 
§7,. Wilkens Aerograph Autoprep, model A-700 
•Preiser Scientific integrator-printer 
Wilkens Aerograph 200 .(2 each) 

Nuclear-Chicago Actigraph III paper radio chromatography system 
International preparative ultra centrifuge, model B-35 
Vacuum pumps (six of various types) 

Warburg Apparatus 

"^Hewlett Packard Model 5700A Gas Chromatograph with integrator 
-.Chemical balances (4 each) 

Zeiss photoelectric polarimeter 

Cahn electrobalance .. 

(continued) 
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11. Additional facilities required: 


If any, this would be determined by the outcome of the investigations. 
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12. Biographical sketches of irwestigator(s) and other professional personnel (append): 

-. ^.ry-(see page 8) 

- > '13. Publications: (five most recent and pertinent of investigator(s); append list, and provide repriniVif available). 

Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 
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10. Space and facilities available: 


Continued. 


V . ■“ /. 


Fraction collectors (2 each) 

Miscellaneous glass metabolism cages, distillation equipment, chromatography 
. equipment • .... 

•■•'•Radiometer pH meter, O-CO 2 determinator 

Blood oxygenator (local design for organ perfusion) 

Varian A-60 NMR apparatus 

. DuPont Model 830 Liquid Chromatography Apparatus .. 




12. Biographical sketches of investigator(s) and other professional personnel: 

NOTE: These are appended for principal investigator and co-workers, 
who are experienced in areas included in proposed study. Those not included 
in 14A (salaries for the first year budget) may be attracted on a limited 
voluntary basis and a more extensive basis if funding can be later accom¬ 
plished through sources which have not presented themselves or been solicited. 
(No formal or informal request has been made to other possible sources.) 
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,14* First year budget: v , ‘ . V - 

• ^^ "A. Salaries (give names or state "to be recruited") 
Professional (give % time of investigator(s) 
even if no salary requested) 

Herbert McKennis, Jr., Ph.D. 
(Professor) 

^ggr:Edward R. Bowman, Ph.D. ’^y.-’: 

'-^v ..-g (Research Associate) 

Faye J. Bowman, Ph.D. 

(Research Associate) 

Arthur W. Burke, Jr., M.D., Ph.D. 
(Resident in Radiology) 

Technical 

Kendall L. Wilson, Jr., M.S. 

(Lab Specialist) 
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% time 

20 % 

100 % 

70% 


Amount 

$22,846.00 

$10,773.00 


Undetermined 


Undetermined 






Sub-Total for A $33,619.00 

_ # 

B. Consumable supplies (by major categories) 

(FUNDS FOR CATEGORIES B, C, AND D TO BE SOUGHT ELSEWHERE) 


) 


• V'-vJ,'" r ‘ .V ‘ ’r - 

C. Other expenses (itemize) 



Sub-Total for B 





0 


„,Tv 


Sub-Total for C 


D. Permanent equipment (itemize) 


Running Total of A -f B 4- C 


$33,619.00 



E. Indirect costs (15% of A-fB+C) 
15. Estimated future requirements: 


Sub-Total for D _ 

E * $ 5,042. 85 

Total request _ $38,661.85 


Salaries Consumable Suppl. Other Expenses Permanent Equip. Indirect Costs Total 

Yeqr 2 $35,299.95 _ $5.295.00 $40.594.94 

Year 3 $37,053.41_ SS.SSS.Q? S4? r 6TI.43 

Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 
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16. Other sources of financial support: 

List financial support from all sources, including own institution, for this and related research projects. 


Title of Project 


CURRENTLY ACTIVE 
Source 

(give grant numbers) 


Amount 


Inclusive 

Dates 



Factors Controlling the 
Development of Pharmaco¬ 
logically Active Deriva¬ 
tives of Nicotine 

American Medical Assoc. 

$45,750. 

7/1/73 - 6/30/74 

t . r -l.. . 

Biological Activity of 
Tobacco Smoke Components 
and Allied Substances 

Council for Tobacco 
Research - USA #868 

$30,000. 

10/1/73 - 4/1/74 ! 

t . 

: ■ ,; \ " ’ v ;. 

Title of Project 

PENDING OR PLANNED 

Source 

(give grant numbers) 

Amount 

i 

i 

Inclusive j 

Dates 


c 


•.< - 
i •.» «r. 

.WAX c- 
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- • • j', ; ■■ 




h is understood that the investigator and institutional 
officers in applying fori a grant have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Uhder Which Project Grants Are Made." 


Checks payable to 

X Iter P. Lossing, Comptroller-Trea surer 

Mailing address for checks 
VCU/MCV 

1200 East Broad Stre et .^Richmond, Va 23.2 9 8 


Principal I investigator 

Typed Name Dr. Herbert McKerinis, Jr, 


Y 

f 

?.• 

r 




-r--- rrr-r- - * — r-\— 

// /. . / \ ' 
Signature l v -- -f. 


Telephone_ C804) 


" •' •*" .y'tly.z:*'*-; ‘ ■.<■***■ * -■. * fjV r *> 1 
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November 29, 1973 

Grant application No. 9^9 
PHARMACOLOGY 


. . To: The committee comprising Drs. Bing, Gardner, and Sommers 

- Subject: B. V. Rama Sastry, D.Sc., Ph.D., Vanderbilt Uhiv., Nashville 

New application No. 9^9 

"Influence of Nicotine on the Release of Acetylcholine in 
. • ‘ the Human Placenta and its Implications on the Fetal Growth" 

i •Vi'i'-""' : ' '' 

1 History 





This proposal was case No. 186 and application was encouraged. 




Request 

Application No. 9^9 requests $12,806.00 plus two additional years. 


Documents Submitted (attached) 

1. Application dated 11-15-73. 

2. Appendix. Only items 1 and 4 listed on the contents page 
of this Appendix are being forwarded ; to you enclosed. The 
remaining items are voluminous and not pressingly relevant; 
nevertheless they will be forwarded promptly if you request. 


FWN:gh 

Enclosures 



& 
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Committee: 

Dr. Bing 

Dr. Gardner PHARMACOLOGY #949 

Dr. Sommers 

The Council For Tobacco Research -TJ.S.A., Inc. 


110 EAST 39th STREET 
NEW YORK. N. Y. 10022 
(212) 42]-8883 


Application for Research Grant Date: 11-15-73 

(Use extra pages as needed) 


1. Principal Investigator (give title and degrees): 

B.V. Rama Sastry, D.Sc., Ph.D. 
Professor of Pharmacology 


2. Institution & address: 

Vanderbilt University 
- School of Medicine 

Nashville, Tennessee 37232 




3. Department(s) where research will be done or collaboration provided: 
Department of Pharmacology 



4. Short title of study: 

Influence of Nicotine on the Release of Acetylcholine in the Human Placenta 
and its Implications on the Fetal Growth 


5. Proposed starting date: January 1, 1974 

6. Estimated time to complete: 3 years 

7. Brief description of specific research aims: 

The existence of an acetylcholine (ACh)-choline acetyltransferase (ChA)*- 
acetylcholinesterase (AChE)**-like system in the human placenta has been demon¬ 
strated by a number of workers. Since the placentae of man and animals lack 
innervation, a number of questions arise about (a) the similarities and differ¬ 
ences between ACh-ChE-AChE systems of nervous and non-nervous sources, (b) the 
significance of the location of cholinergic system in the human placenta, (c) 
the degree of permeability of the placental barrier to drugs and environmental 
chemicals and (d) the influence of the cholinergic system on the nutritional 
health of the fetus and the maintenance of pregnancy. 


The ChA's from placental and nervous sources have been investigated in our 
laboratories and they were found to be similar in their chemical properties and 
the enzyme mechanism (1-3). According to present indication, ChA is located in 
the chorianic villi, in the cell layers separating maternal and fetal blood 
compartments (4). The major component of the ACh-like substances in the human 


* . : 

Recommended trivial name for Acetyl-CoA: choline O-acetyltransferase (2.3.1.6) 

.by the International Union of Biochemistry. Other name: choline acetylase. ‘ 


** 


Recommended trivial name for Acetylcholine hydrolase (3.1.1.7). Other names: 
true or specific cholinesterase. • . . ; ■ 
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7. Specific Research Aims (cont'd.) 


i';' • 


H* 



VJ; / placenta has been identified as ACh by pyrolysis gas-chromatography (5). 

ACh was present in a bound form in the placenta. There 
' v evidence that the bound ACh-like substances are located 
are liberated from the trophoblast epithelium (6). 

' * • • " -M-.r-’;*- -ifw 

1° view of the high concentration and the location of ACh in the placenta, p 
i ac ^ any significant effect of ACh on the placental vascular system, 

) one is apt to suggest that the permeability of the placental barrier is *.$§§ 

~/•" controlled by the quantal release of ACh. If this statement were true, ACh-ChA- ^ 

ChE system is of importance in the placental function during pregnancy. This :v 
:% placental function may be related to the transport of materials across the placen- 
tal barrier, or release of placental hormones by ACh during pregnancy. A signifi-^^^S 
cant number of observations indicate the importance of the placental cholinergic Jw|p| 
fe 8 y stem * n fhe maintenance of pregnancy and the health of the fetus. Our results 
: “ 'ttv;!;' indicate that abortive human placenta contains higher levels of ACh than terminal 
pi; >r . .1 placenta. Administration of anticholinesterase .agents to pregnant mice causes 
v.v . . the death of fetii (10). Ingestion of drugs with anticholinesterase activity as 
a side effect (e.g. morphine) induces fetal malformations in mice (11). 

^ Cholincmimetics (e.g. pilocarpine) have been shown to exhibit anti-growth 
'^^^^•(or terotologic?) effects during chick morphogenesis (12). Some investigators 
^^^^i-i.have suggested that cholinomimetics produced the above~cond it ions by affecting 




’ v p : ; tions (13,14). — However, there is no available evidence of the possTble effect 
of cholinomimetics or quaternary ammonium compounds on the multi-step processes 
involved in the transport and metabolism of nutrients in vivo. 

' Recent surveys indicate that babies of women who are habituated to smoke 
tobacco are smaller in size than those of nonsmokers (15,16). Further recent 
studies indicate that nicotine releases ACh from presynaptlc nerve terminals 
... ... and synaptosomes (17,18). In view of these observations, one could anticipate 
v.-p. that nicotine can release more than the normal quanta of ACh from its stores.in 
v, the villous epithelium. Released ACh (and/or nicotine) may influence the trans- 
? !■:• port of energy metabolites across the trophoblast. The final result would be the 
.•/, deprivation and relatively poor fetal growth (Fig. 1). At the present time 

it is not possible to assess whether the final effect is due to released' ACh or 
nicotine or both. 






No studies are available on the effect of nicotine on ACh stores in placenta. 
Therefore, this application is made for evaluation of the following specific aims: 

!• To study the effects of nicotine on the release of ACh from human 
placental villi and to establish relationships between the dose.of nicotine 
and ACh released into the medium (or ACh retained in villi). The exact concen¬ 
trations of ACh will be analyzed by pyrolysis gas chromatography. 


To separate the ACh granules from placental tissue by density gradient 









C ji^&k Specific Research Aims (cont T d.) : ^ ..." T 

*. w : .» ’ ' *- y y> ** *> \ .£m> 

" 3 * To obtain evidence for the presence of a cholinergic receptor in 
human trophoblast where nicotine binds for exhibiting agonistic or antag- ' 
effects * ^ results in specific aims ( 1 ) and ( 2 ) lead to specific 8 

«• -**r r : r ’ . * .*' • 4 <•.♦ ••••*• • •-*«'- - » _ -,• • .•'.j**,V*, 

T ® set °P a perfusion system for human placenta for use in our labor- 
11113 ! ystem is Usefui for studying (a) the transport of drugs, energy 
etabolites or ions across the placental barrier during manipulation of placental 
^nolinergic system by nicotine and other pharmacological agents, (b) the effects ’. 4 ^^ 
? f “leetine on ACh release and transport of energy metabolites across placental 


»__ . ,- m 2 * V*«uw f v* W va. cuci: 6< y tUc LGUU1I1 Leo ciCrOSS DXaCentai - ^ i ^ 

simultaneously, and (c) the effects of nicotine in human placenta col- 
.M^-^lected at different gestation periods. Studies in specific aims (1) - (3) lead ^gif 
*:^?pvv : 'to studies in specific aim (4). - . 
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8. Brief statement of working hypothesis: . . ■ 

The placenta plays an important role in the transport of materials between * 
mother and fetus in a most complex way (Fig. 1). This role may be related to 
the active involvement of placenta in assisting and regulating transport of water * 
soluble and ionizable materials. According to our present indications, ChA is 
located in the chorionic villi, in the cell layers separating maternal and fetal 
compartments. According to our investigations, ACh is located in chorionic villi ^,.‘v 
in a bound form, possibly as granules whose contents may be released from the ./V": 
trophoblast epithelium. Free ACh may stimulate a cholinergic receptor on the 
trophoblast epithelium and thereby induce changes in its permeability to charged 
molecules. One would anticipate rhythmic fluctuations in the permeability of / 
the trophoblast epithelium with constant shifting of the dominant site, which in 
turn may be dependent of the amount of ACh released. The changes in the permea- 
bility of the trophoblast epithelium facilitates the e^osure of the various mole- 
cules on the maternal side to their corresponding carriers (or the transport & 

processes). In other words, ACh stimulation of the cholinergic receptor in the 
trophoblast is coupled to the transport of substances across the placental barrier. 

This "ACh stimulation-transport coupling" is delicately balanced by the amount of 
ACh released. Both very low and high concentrations of free ACh are deleterious 
to the fetus. / 

According to the above hypothesis, nicotine may have two sites of action/ 

Nicotine may mimic ACh and stimulate the cholinergic receptor in the trophoblast.'' 
Cholinomimetics are known for exhibiting antigrowth effects. Nicotine is also 
■ known for exhibiting antagonistic effects at high concentrations. Further, nicotine - 
may release excessive quanta of ACh from its bound form. Excessive free ACh is 
known for exhibiting antagonistic effects at other types of cholinergic receptors. 
Therefore, the antigrowth effects of nicotine are possibly due to its antagonistic 
effects at the trophoblastic cholinergic receptor directly or through the excessive 
release of free ACh or both. 


The various steps in the working hypothesis of ACh-stimulation and transport 
coupling are schematically represented in Fig. 2. The data, on which the above .'i.. 
scheme is based, were obtained by a number of investigators using in vitro and . 

in vivo experimental models of stimulation-secretion of biogenic amine stimulation-^ . . 
contraction by biogenic amines under a variety of conditions. Not all of these XitF't-- 
processes are based on firm evidence and some are only tentative. However, this * 
schematic representation provides an outline for studying the sites of action of 
nicotine in the placenta and its effects on placental transport of nutrients. - 








(a) Composition 

(b) Circulation 

(c) Foreign materials 


(a) Pathologic lesions 

(b) Physiologic 
limitations 



(a) Inability 
to grow for 

unknown reasons 

(b) Due to 
limitations 
induced by 

maternal and 
placental factors 
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Various steps in the working hypothesis of aoi-stimulation 
A im transport coupling in the tropiiodlast 
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Description of Steps 

Brovmian movement brings a ACh-granule 
to the inner side of the membrane 


Available Ca ++ or its influx facilitates 
the fusion of the granule with the 
membrane. The contents of the granule 
are released on the maternal side. 


Membrane releases prostaglandins(PG), ' 

v;hich nullifies the effect of Ca ++ 
and restores the membrane. Released ACh 
interacts with the receptor (R) 


R-ACh complex increases the permeability 
of the trophoblastic membrane. Entry of 
Ca ++ and nutrients is facilitated. 

The nutrients from the trophoblast 
diffuse to the fetal side through the 
villus capillary walls 
In low concentration, nicotine may 
mimic ACh 


If excess ACh is released it interacts at 
nonspecific sites and nullifies the " 
effect of ACh at R. 

Nicotine may release excess ACh, It may 
block the receptor. The amounts of 
nutrients, which enter the trophoblast, 
may decrease due to the antagonistic 
effects of nicotine, ACh or both. 

ACh effect is terminated 1 due to its 5 r . • 
hydrolysis by AChE. Membrane stress due 
to depolarization lelcases PG which 


nullifies Ca* effect and rcsrorcs the 


membrane 




Source: 
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9. Details of experimental design and procedures 


Procedures for the collection of human placentae at different gestation periods: 




The human placentae were collected from the Vanderbilt University Hospital 
delivery rooms. During the first trimester, the placentae were collected during 
therapeutic abortions. During the second trimester, the placentae were collected 
during spontaneous abortions or premature deliveries. During the third trimester, ’V,’^ 
placentae were collected during natural or therapeutic deliveries. Each placenta 
after delivery was placed in a plastic bag immediately after delivery and was 
cooled in an ice bath. The fresh placenta was processed immediately for (1) ACh 
analysis, (2) experiments involving the perfusion of placental lobes and (3) uptake 
and release of nutrients, ions and drugs by placental slices and isolated villi. . 

Some placental samples were frozen at -12°C for future analysis of AChE and ChA. 

Experimental procedures to study the release of ACh from isolated villi : mm 




It is very easy to tease out villi of the human placenta, providing a consid¬ 
erably less traumatized preparation for in vitro study than the placental slice 
(19). The trophoblast is exposed to the incubation medium as much as it is to -5^ 
tKe maternal circulation under normal conditions. We have successfully used ' 
such preparations to study the distribution of ACh in human placenta. Such prep- 
j’ 5 '. arations have survived for 6 hours in our laboratories in phosphate or bicarbonate ' ^ 

? buffers. We have done some initial experiments for the release of ACh into the 
medium as a factor of time. Our studies on the effects of excess K+, Ca++, cyclic 
'v AMP, cyclic GMP and prostaglandins on the release of ACh are in progress. We pro- ’im¬ 
pose to study the effects of nicotine on the release of ACh in the same system. 


The isolated villi were incubated for different time periods in an incub¬ 
ation mediumi (phosphate or bicarbonate buffer) at 37°. The amounts of ACh in 
the medium and the villi were determined. In a second series of experiments 
various doses of nicotine (10 -6 to 1CTT4) were added to the medium' and again ACh 
concentrations were determined. From these experiments the net release of ACh 
into the medium was calculated. 




In our preliminary experiments, it was found that ACh was continuously synthes¬ 
ized by ChA and released into the medium. In a third series of experiments, the 
medium contained a ChA-inhibitor (halogeno-acetylcholines) for preventing the syn- 
thesis of new ACh. In a fourth set of experiments the medium contained a ChA 
inhibitor as well as nicotine. From these two sets of experiments the effect of 


nicotine on the preformed ACh could be calculated. 

In all experiments, the medium contained physostigmine (10~^M) for inhib¬ 
iting the hydrolysis of ACh by placental AChE. 

Experimental procedures for studying effects of nicotine on the release of ACh 
from ACh-granules of human placenta: 


h* 

o 

g 
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We have indirect evidence that 95% of total human placental ACh is in a 
bound granular form in human placenta. We propose to isolate these granules 
using techniques of subcellular fractionation described by De Robertis (20) and 
i/Whittaker (21). We propose to study the release of granular ACh using various 
techniques and.treatments described by Whittaker and his collaborators (22,23). 
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9. Details of experimental design and procedures (cont’d.) 


We have used a second approach for the separation ACh-granules from 
placenta. The trophoblast was separated easily from the trophoblast by dissec¬ 
tion. Then the cut trophoblast was subjected to digestion with trypsin and 
collagenase. Then the contents were subjected to subcellular fractionation, 
and obtained a rich fraction of ACh-granules. We propose to study the effect 
of nicotine on these granules. 

Experimental procedures for characterization of cholinergic receptors (nicotinic- 
type or muscarinic type) in placental syntrophoblast : 





The working hypothesis assumes the presence of a cholinergic receptor with 'a,?;; 
which ACh or nicotine interacts. Therefore, evidence for the presence of a cholin¬ 
ergic receptor will- be obtained. . ;{*£££ 


The binding constants of 14 C-ACh and ^C-nicotine to the cholinergic recep¬ 
tors will be determined using the techniques of centrifugal assay and equili¬ 
brium dialysis developed by O’Brien and his collaborators (24,25). 




The receptor will be characterized as muscarinic or nicotinic by determining 
the binding constants of specific -^-labelled agonists and antagonists. Specific . 
agonists: acetyl-1-^C-8-methylcholine for muscarinic receptors, X4 C-nicotine for 
nicotinic receptors. Specific antagonists: 14 C-atropine for muscarinic receptors, 
l^C-d-tubocurarine or ^C-decamethonium for nicotinic receptors. In receptor pro- 
tection eiqjeriments, the unlabelled agonist should prevent the binding of the •'..////; 
labelled antagonist to the receptor. The binding of ^C-labelled agonists and 
antagonists to the receptors will be verified by the radioautographic procedures 
described by Waser and his collaborators (26). The binding constants of various 
agonists and antagonists to cholinergic receptors in tissues other than placenta 
were determined in the author’s laboratory (27,28), with which the binding con¬ 
stants of the cholinergic receptors in human placenta will be compared. 

If the human placenta is shown to contain cholinergic receptors, it will j.. : . 
become the easily available human source for the isolation of cholinergic recep- - 

tors. So far cholinergic receptors were not isolated from any mammalian source. 

Experimental procedures for studying the transport of nutrients across the 
placental barrier under the influence of nicotine^ perfusion of human placenta: 


A method for perfusing a single lobe of human placenta was developed' by 
Schneider et al. (29). This system will be used in the present experiments. 

In this setup, an "effective maternal, as well as fetal, circulation was estab¬ 
lished. Therefore, this system is useful for transport studies. The experimen¬ 
tal details and techniques of placental perfusions were described by Schneider 
et al. (29). .... 


The fetal vessels were cannulated and perfusion of fetal circuit was started 
at a flow rate of 6-12 ml/min at 50-90 mm Hg. Flow rates were checked to make 
certain that arterial inflow equals venous outflow. This confirmed that an iso¬ 
lated vascular unit has been cannulated and that there was no gross leak across 
placenta. . ... 


,-K-WS£ 




Two glass cannulas delivering the maternal perfusion fluid were introduced 
into the intervillous space through the basal plate. The intervillous space : 
was perfused' at a rate of 10-15 ml/min at 80-140 mm Hg. The maternal perfusate 



.. 
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9. Details of experimental design and procedures (cont’d.) 




f */ t :;v 
- . ■ 


returned from the intervillous space through multiple venous openings in the basal 
plate and was collected for analysis. 

The perfusate was Earle's buffered salt solution containing 4 g% of dextran 
(low molecular weight) and 100 mg% of glucose. The colloidal osmotic pressure J 
of the perfusate was equivalent to that of normal plasma. The fetal perfusate / ’ 
was equilibrated against a gaseous mixture containing 5% 0 2 , 5% C0 2 and 90% N 2 « 

The maternal perfusate was equilibrated with 95% and 5% C0 2 . Tne perfusates . 
were not recycled. • • , , 


1# , 


The nutrients, whose placental transport was measured, were added to the •• • 
maternal circulation and their clearances from the maternal to fetal circulation V-/1* 
were measured. The clearances were calculated as follows: 


: -'l '' • 


-.rV'¥ 


clearance (ml/min) = 

where FV = concentration in fetal venous outflow (mg/ml) 

FA = concentration in fetal arterial inflow (mg/ml) 
MA = concentration in maternal arterial flow (mg/ml) 
FFR = fetal flow rate (ml/min) 








‘ VC . i 


A series of clearances of a nutrient can be measured before and after 
addition of various doses of nicotine to the maternal circulation. Using this 
basic perfusion system, it is possible to study the effects of (a) nicotine, 

(b) nicotine in the presence of a cholinesterase inhibitor for preventing the 
enzymatic hydrolysis of ACh which is released by ACh, and (c) nicotine in the 
presence of a ChA-inhibitor for preventing de novo synthesis of ACh on the clear¬ 
ance of selected ions, amino acids, sugars and proteins across the placental 
barrier. 

The following agents are suitable as tools for studying the effects of 
nicotine on placental transport: 


C 


Cholinesterase inhibitors: Physostigmine, neostigmine 

ChA-inhibitors: Halogeno-acetylcholine (Iodo-bromo- and chloro- 
acetylcholines) 

N-methyl-4(-l-naphthyl-vinyl) pyridine 

Ions: K+, Na+, Ca++ 

Amino acids: 14 C-a-aminoisobutyric acid 
131 

Proteins: I-labelled gamma globulin 

Sugars: D-xylose, L-xylose - . :;,-v ••• M' 

■ ■ ■ -• —• v : : 

The specific cholinesterase inhibitors specified above were selected for 
this study, because their pharmacological effects on cholinergic system, other 'JiisdBif 
than that of placenta were well documented. Halogenoacetylcholines have been 
synthesized by the principal investigator and his collaborators and their pharma-* 
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9. Details of experimental design and procedures (cont'd.) 

cology is known (1-3,30-36). N-methyl-4(-l-naphthy1-vinyl)pyridine and its 
analogs have been introduced by Cavallito and their collaborators as choline 
acetylase inhibitors (37) and these compounds are available for this investig¬ 
ation from commercial sources. 

The ions, K+, Na+, Ca++, were selected for this study due to the following 
reasons: The placenta is very effective to protect the fetus against potassium 
depletion (19,38). The reasons for this observation are not known. The maternal 
hypokalemia is not reflected in the fetal blood or tissues. With sodium depriv¬ 
ation of the mother, various degrees of hyponatremia are induced in the. fetus of 
the rat or the sheep (39,40). The results are variable and are not conclusive 
as to whether the placenta protects the fetus against sodium deprivation (19,40). 

In human placenta, 'there is a relationship between ^Tta transfer and gestational 
age (41). The transfer rate increases until 36 weeks of gestational age and then 
decreases at term. A fall off in placental efficiency towards term is consistent 
£ith the clinical concept of post-maturity (38). In our experiments fluxes of 
zq Na and variations in ACh concentrations will be measured simultaneously within 
the same placental isolated villi. Ca++ is included in this because of its impor— *■ 
tance to fetal growth and its possible role in the secretion of ACh. 

14 " 

Placenta concentrates C-a-aminoisobutyric acid from maternal circulation 
against a concentration gradient and releases on a downhill gradient to fetus (42). . ^ 
As this amino acid is non-metabolizable, it is suitable to study the effects of~.^^l 
cholinergic agents on the placental transfer of amino acids. It is of interest 
to note here that a cholinergic mechanism has been implicated as a fine control 
in regulating the production of protein in spiders (43). 

One of the factors in the protection of the newborn is the antibodies 
received passively from the mother, and the mechanisms for this transfer are not 
known. The investigations of Dancis et al. (44) indicate that the route for the 
transfer of proteins from mother to fetus is allantoic placenta. This transfer 
of proteins is significant in the early pregnancy and in late pregnancy in the 
(45)> monkey (46), and human (44). In the above studies or protein transfer 
I-labelled gamma globulin has been used. In the experiments of the above 
design the protein-bound radioactivity represents transferred protein (47). 

Therefore, I-labelled gamma globulin will be used to measure placental transfer 

of proteins during manipulation of placental cholinergic system by nicotine. 

D- xylose, which is transferred through the placenta at 3 times the rate of 
L-xylose, is a nonmetabolizable model for glucose. Therefore, the placental 
transfer of D-xylose will be measured during the manipulation of cholinergic 
system' by nicotine (19,48). 




Analytical Methods 

Assay of ACh in placental tissues by gas chromatography: 


1003540342 


. A representative sample of placenta is cleared of blood clots, and is homo- ■ 

■ denized' in a Sorvall Chmimixer containing acetonitrile and trichloroacetic acid' 

. 1 (1.0 ml/0.1 g wet tissue, TCA 2%). The homogenate was centrifuged and the precip— 

C itate was- rejected. The supernatant was diluted with equal volume of distilled 

- water and' the resulting solution was extracted twice with equal volumes of diethyl :||| 

ether and the ether layer was discarded. A gentle stream of nitrogen gas was 

. rffK ] ; : y’ v Cr ! .'y.:v., ' s ..y>. 

Source: https://www.inaustrydocuments.ucsf.eau/aocs7nnl 





9. Details of experimental design and procedures (cont'd.) 


bubbled through the aqueous layer to remove the residual ether. The ether-free 
aqueous layer (2.0 ml) was diluted with equal volume of distilled water. To the 
resulting solution tetramethylammonium iodide (6.0 pg) and KI-I2 solution (0.15 
ml) were added. The reaction mixture was centrifuged and the supernatant was 
aspirated. The precipitate of quaternary ammonium compounds was subjected to gas 
chromatography using pyrolysis techniques (49,50) or Jenden’s reaction (51,52). 




.. This method is schematically represented in Figure 3. 
Analysis of tissues far cholinesterases: 








■ 'v, 






Three different types of methods are routinely used in our laboratories for 
the assay of cholinesterases. In all three methods ACh was used to give total 
cholinesterases. Acetyl-ff-methylcholine was used as a specific substrate for AChE 
because it was not hydrolyzed by pseudo-ChE (53). Butyrylcholine was used as a 
substrate for the analysis of pseudo-ChE (54). It is a very weak substrate of 
AChE. However, a correction factor has been developed for the hydrolysis of Mhj&M 
butyrylcholine by AChE for the assay of pseudo-ChE (55). Each method 1 is appli- •' 
cable for a specific situation based upon the amount of tissue available and the — '*“*•*■ 
sensitivity required in the assay. In all three methods tissue homogenates were 
used as the source of the enzymes. . ; . 




-;V 





: . ‘ In the first method, the hydrolysis of choline esters were determined by 

titrating the acids released during their hydrolysis using a Radiometer pH-stat 
titration unit. The details were described in the papers published in the 
literature (56). 




The second method is a differential radiochemical assay for AChE and pseudo- 
ChE using 14 C-substrates (55). The differential rates of hydrolysis of 1- 4 C-• '-'l 

acetyl-*?-methylcholine (pS 2.5) and 1- x-butyrylcholine (pS 2.5) were used to ■ 

estimate AChE and pseudo-ChE activities in tissues. The tissue homogenate and 
the i4 C-substrate were incubated for varying periods (0-50 min). Initial linear 
velocities were obtained from rates of hydrolysis during 0-10 min. Acetyl-ft- _ 
methylcholine was not significantly hydrolyzed by pseudo-ChE, while butyrylcholine 
was hydrolyzed by AChE at 12% of the rate of acetyl-ft-methylcholine. Therefore, ; • ■? 
a correction was applied in the estimation of pseudo-ChE by butyrylcholine. This 
method is of special value in estimating cholinesterases in small amounts of 
tissues (plasma 0.01-0.1 ml, tissue, 10 mg). This method has been used success¬ 
fully for the estimation of cholinesterases in the human placenta. 

In a third method, ^C0 9 produced from the interaction between NaH^ 4 C0q and 
acid products of esters hydrSlyzed by cholinesterases were trapped with 2-phenethyl- 
amine andi counted with a liquid scintillation counter. 


vcv*- 

’•■m- 
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Experiments were done using a Warburg apparatus with 0.4 ml of 2-phenethyl- 
amine placed in the central well of the flask to trap I4 C0u produced. The main 
compartment of the 15 ml Warburg flask contained 2.5 ml or modified Krebs-Ringer 


entration of NaH 14 C0o and a radio- 


NaH 14 C0b, 
• ^ • 


7.5 x 10"* M KC1, 7.5 x 


o 

O 

.CO, 

■ 


bicarbonate buffer with 1/10 the normal concen 
‘activity level of 2.22 x 10^ dpm (2.3 x 10” M 
.. 10” 2 M NaCl, 4 x 10 -2 M MgCl 2 ). Tissue samples containing the enzyme (0.2 ml) 

were added to the main compartment of the flask. The side arm contained 0.3 ml - 3$. 

of substrate (final concentration of 10” 4 M) dissolved in the modified buffer : 

•-•which contained no radioactivity. The Warburg flasks were shaken for 15 minutes '.TaS- 











extract twice with equal 
vol. diethyl ether 
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Figure 3: The 5 step procedure includes: (a) Extraction with CHgCN 1 and tri¬ 
chloroacetic acid, (b) Centrifugation to remove insoluble membranes, (c) Removal 
of lipids with ether, (d) Precipitation of quaternary ammonium compounds with 
potassium iodide, iodine and tetramethylammonium iodide, (e) Subjection of 
quaternary ammonium compounds to pyrolysis or Jenden's reaction. ....... 
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9. Details of experimental design and procedures (cont'd.) 

into the main compartment. The reaction mixture was shaken for various periods 
of time and the 2-phenethylamine with -*-^C02 was transferred to a counting vial 
containing 10 ml of scintillation cocktail (2,5-diphenyloxazole, 7 g.; napthalene, 
100 g.; dioxane, 1000 ml). The central well was washed twice with 2 x 0.3 ml of 
methanol and the washings were added to the scintillation cocktail and counted 
with a liquid scintillation counter. Further details of the method were described 
by Sastry and White (53) and Sastry and Chiou (57). This method was very useful 
to determine cholinesterases bound to membrane Tractions. -'..I 

Analysis of choline acetyltransferase (ChA) placental tissues : 

ChA in placental tissues was assayed by the formation of acetyl-^ 4 C-choline 
from choline and acetyl- 14 C-CoA. The details for the separation of 14 C-ACh from 
the reaction mixture and counting of the samples were described in the papers 
by the author and his collaborators (1-3), and McCamen and Hunt (58). We used 
this method in the purification of Ch3 Trom the human placenta (172) and the 
rat brain (_3). ~ ~ 

Analytical methods for important ions: Conventional analytical methods with 
necessary modifications will be adopted. The following methods were listed as 
examples: 

(a) Sodium and potassium: Emission flame spectrophotometry 

(b) Chloride: Automatic chloride titrator (59) 

(c) Calcium: A micromethod developed by Geyer and Bowie (60) is 
routinely used in the author's laboratory to determine - the 
concentrations of calcium in biological samples. The method 
is based on emission flame spectrophotometric techniques.' 

The final samples contain isopropyl alcohol, water and known 
concentrations of sodium and potassium chlorides. Is opz*opyJ_ 
alcohol is used to increase the luminosity. Sodium and potas¬ 
sium chlorides are employed to control the normal interference 
from sodium and potassium. Samples are analyzed employing 
oxygen-hydrogen flame at a wave length of 422.66 mp with a 
slit width of 0.04 mp. The red filter is employed in conjunc¬ 
tion with the photomultiplier. Calcium values less than 2 pg/ml 
are readily analyzed by this method. The author's laboratory 
contains a Beckman DU-2 spectrophotometer equipped with flame 
attachment, spectral energy recording adaptor and a recorder. 


Radiometric methods: 


24 42 

The isotope ions, Na and K, used in the present investigation can be 
njgasured by gamma scintillation spectrometry using a multi-channel analyzer. 

°Ca will be assayed by beta counting methods. Gamma scintillation spectrometric 
methods have been used in authors laboratory during the last 10 years, and typical 
examples are described in author's papers (61,62). 


C-compounds will be assayed using liquid scintillation methods. Typical 
examples are described in author's papers (1-3) and the papers by Harbison and 
his collaborators (63,64). 
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10. Space and facilities available 

Total space (2 laboratories, 1 office, 1 instrument room) available for 
Dr. Sastry consists of 936 square feet, equipped with modern conventional 
laboratory facilities suitable for chemical, radio-biological and animal work. 
These facilities contain a roomette (which has separate vents for removal of 
odors) for animal surgery and isolation. These laboratories contain built in 
refrigerators (3), radiation hoods (2), and a walk-in hood for chemical syntheses. 

The human placentae were collected from the delivery rooms and surgical 
facilities of Vanderbilt University Hospital with the help of the staff of the 
Department of Obstetrics and Gynecology. The Department of Pharmacology, the 
Department of Obstetrics and Gynecology, and the delivery and surgical rooms of 
Vanderbilt University Hospital are located within the same building complex. 

The collection and transport of placenta after delivery takes less than 5 minutes 
from the delivery or surgical rooms to the Department of Pharmacology. 

A number of items of equipment are available in the author's laboratory to 
perform unit processes for conducting various steps in this research. 

1 ) For chemical and physical manipulations: 

a) Fisher-roll around vacuum system 

b) Bendix Automatic Polarimeter 

c) Precision Scientific-Lotemptrol Circulating Unit 

d) Welsh vacuum pump 

2) For chromatographic identification: 

a) Misco-Electrochromatography Unit 

b) Precision-Scientific-Chromac for circular paper chromatography 

c) Equipment for ascending, descending and circular paper chromatography 


3) For analytical procedures: 

a) Aminco-respiration apparatus with accessories 

b) Radiometer pH-stat titration unit equipped with a pH meter, 
a recorder and an autoburette 

c) Beckman DU-Spectrophotometer (with flame attachment) 

d) Corning Model-12 Research pH Meter 

e) Nuclear-Chicago Autogamma system with a 512 channel analyzer 

f) Metler-semimicro and macrobalances 

g) Cahn Electrobalance (capacity, 1000 pg) 


4) For bioassay procedures: 

a) Harvard Kymograph 

b) Gilson Polygraph and accessories (4 channels) 

c) Narco-Biosystems Physiograph-desk model DMP 4A (4 channels) 

d) Isometric and isotonic transducers (4 each) 

e) Phipps & Bird-Isolated organ tissue baths (2) 

. f) Grass 88 stimulator • • ' ■ 

g) Harvard continuous infusion and peristaltic pumps 

h) Harvard respirators for dogs, rats and other small animals 
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10. Space and facilities available (cont'd.) 

5) For statistics: 

Marchant electronic calculators, Cogito 516 & 1016 PR 

6) Equipment in the Department of Pharmacology available for part time for 
this project: 

a) Beckman Model L Ultracentrifuge 

b) Sorvall-Superspeed Automatic Refrigerated Centrifuge 

c) Beckman DK Recording Spectrophotometer 

d) Farrand Spectrofluorometer 

e) Packard Tricarb Liquid Scintillation Spectrometer (Model 3375) 

f) Olivetti Underwood Programmer, Model 101 

g) Nuclear Chicago 512-Channel Gamma Scintillation Spectrometer 
equipped with multiregion-interest-accessory, sample changer 
(capacity) and teletype 

h) Hewlett-Packard Model 5750 gas chromatograph 

11. Additional facilities required: None 

12. Biographical sketches of investigator(s) and other professional personnel: 
Attached Separately 

13. Publications: (five most recent and pertinent of investigator(s)): 

1) Molecular Aspects of the Interactions of Halogeno-acetylcholines 
with Cholinesterase, B.V. Rama Sastry and Chung Y. Chiou, Biochim. 
Biophy. Acta, 167 , 339-354, 1968. 

2) Cholinergic activities of halogeno-acetylcholines. Chung Y. Chiou 
and B.V. Rama Sastry, J. Pharmacol. Exptl. Therap. 172 : (2) 351-366, 
1970. 

3) Dissociation constants of D and L -lactoylcholines and related 
compounds at cholinergic receptors. H.C. Cheng and B.V. Rama Sastry, 

J. Pharmacol. Exptl. Therap., 180: 326-339, 1972. 

4) Kinetic mechanisms of human placental choline acetyltransferase. 

B.V. Rama Sastry and G.I. Henderson, Biochem- Pharmacol. 21: 787-802, 

1972. ~~ 

5) Stereoisomerism and drug action in the nervous system. B.V. Rama 
Sastry (Invited Author), Ann. Rev. Pharmacol. 13: 253-267, 1973. 
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14. First year budget: 

A. Salaries (give names or state "\o be recruited") 
Professional (give % time of investigator(s) 
even if no salary requested) 

^ B.V. Rama Sastry, Ph.D., Professor of 

Pharmacology 


% time 


Amount 


$ — 0 — 


Technical 


Lillian K. Owens, Research Assistant 
Fringe Benefits 


100 % 


$ 7,878 
1,123 


B. Consumable supplies (by major categories) 
Chemicals and Drugs 


Sub-Total for A 


$ 9,001 


$ 500 


Glassware and Plasticware 


Surgical Supplies 


C. Other expenses (itemize) 


Sub-Total for B 


Travel: To attend national meeting to present work 
supported by this grant 

Other: Expenses involved with obtaining human placenta 

Sub-Total for C 


$ 300 

300 
$ 600 


D. Permanent equipment (itemize) 

Minor items of equipment related to 
the gas chromatographic analysis of 
acetylcholine 


Running Total of A + B + C 


10,701 


$ 500 


E. Indirect costs (15% of A+B+C) 
Estimated future requirements: 


Sub-Total for D 


Total request 


$ 1,605 
fc 12,806 


Year 2 
Year 3 


Salaries Consumable Suppl. Other Expenses Permanent Equip. 

$9,457 _ $1,100 _ $700 _ $-0- 

$9,977_$1,200_ $700 $-0- 


Indirect Costs 

$1,689 


512,946 


$1,782 $13,659 


Source: https://www.industrydocuments.ucsf.edu/docs/hnll0000 
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16 . Other sources of financial support: 

List financial support from all sources, including own institution, for this and related research projects. 


• 

CURRENTLY ACTIVE 


Title of Project 

Source 

(give grant numbers) 

Amount 

"Biological Significance o 
Choline Esters Other than 
ACH" 

2 NIH-NS04699 

$42,544 

44,822 

47,303 


PENDING OR PLANNED 


Title of Project 

Source 

(give grant numbers) 

Amount 


Inclusive 

Dates 


"Cholinergic System, 
Placental Transport and 
Fetal Growth" 


NIH HD08561 


$311, 746 5/1/74-4/30/79 


It is understood that the investigator and institutional 
officers in applying for a grant have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made." 


Principal investigator 

Typed Name B.V. Rama Sastry, D.Sc., Ph.D. _ 

Signature . — s mJuj n ,t„ A-^' 2 Ij 7 3 
Telephone _615_ 322-2207 N/A _ 

Area Code 


Date /v * v 
322-2207 N/A 

Number Extension 


Checks payable to 

_^ i nderbilt University _ 

Mailing address for checks Mr. Paul Gazzerro, Jr., 
Associate Vice Chancellor for Medical Affairs 

O p era tion s and Fis cal Pl anning_ 

Vanderbilt University Medical Center 
Nashville. Tennessee 372 32_ 


Responsible officer of institution 
Typed Name Allan D» Bass, M. D. 
Title ^ Ass oclai,e_J}.eomcdipal_ 
Signatured. lL. 


Signatured 
Telephone _ 

- 17 - 


11 / 26/73 


615 322-2281 N/A 

Area Cod* Number Extension 




^ ;i '*'^Sburce: http S :// WWW .i n d US t r yd OC um e nt S : UCS f.edu/d OC s/hnl(009O^ fci;4 :'- ti :^" 
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Tin: Council Fok Tobacco Rksearch-U.S.A., Inc. 



February 6, 1974 


Grant application No. 969 

\ ' 

PHARMACOLOGY 


To: The committee comprising Drs. Gardner, Jacobson, 

Sommers 

Subject: Professor Serge N. Timasheff, Ph.D., Brandeis University 
New application No. 969 

"Interactions of Microtubules with Nicotine and Nicotine 
Products" 


History 

A prel imi nary inquiry concerning this proposal was 
handled as Case No. 257: the Executive Committee voted to 
encourage formal proposal. 

Request 


Application No. 969 requests $52,450 plus two additional 

years. 

Document Submitted 

Attached is application dated January 25, 1974 (22 

pages). 


FWN:wg 

Enel. 




F.W.N. 
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The Council For Tobacco Research-U.S.A., Inc. 

110 EAST 59th STREET 
NEW YORK. N. Y. 10022 
(212) 421-8985 


Application for Research Grant 
(Use extra pages as needed) 


January 


1. Principal Investigator (give title and degrees): 

Professor Serge N. Timasheff, Ph.D. 

2. Institution & address: 

Brandeis University 
Waltham, Massachusetts 02154 



3. Department(s) where research will be done or collaboration provided: 

Graduate Depa_c.tma.Txt. at Eieebam.iat.c'j 



4. Short title of study: 

Interactions of microtubules with Nicotine and Nicotine Products 



5. Proposed starting date: July 1, 1974 

6. Estimated time to complete: 3 years 

7. Brief description of specific research aims: 

It is proposed to undertake a detailed study of the mechanism on 
the molecular level of binding of nicotine and products of nico¬ 
tine metabolism to tubulin, the subunit protein of microtubules, 
and of the effects of this complexation on the self-assembly of 
the microtubule protein subunits which leads to microtubule for¬ 
mation. Specifically, the interactions of tubulin with nicotine, 
its liver metabolites and chemical derivatives will be examined 
quantitatively by column chromatographic and spectroscopic tech¬ 
niques. The self-association of tubulin in the presence of 
these ligands will be examined by sedimentation, light scattering, 
calorimetric and column chromatographic techniques. The results 
will be analyzed in terms of most modern rigorous thermodynamic 
theory. Furthermore, the effect of these tobacco products on 
the morphology of microtubules will be studied by electron micros¬ 
copy, and their interference with the self-assembly of these organ¬ 
elles will be followed by in vitro microtubule reconstitution ex¬ 
periments.. Such knowledge will advance the understanding of the ’’ 
mechanism by which nicotine affects biological processes. It is 
only with such an understanding that a rational approach can be 
} made eventually to the question of the prevention of harmful 
action. 



• sn;- V % v .*x-‘s A ’il-jr*V* 
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8. Brief statement of working hypothesis: 


2. 








?*w&- 


V.-* 




c 


While nicotine is known to have strong and complex pharmacological 
effects both on the central and the peripheral autonomic nervous ■ .-\- 

systems, its mechanism of action at the molecular level is not under- . 
stood (1,2). Recently, it has been found in our laboratory that Ji .> 

nicotine binds strongly to tubulin, the protein subunit of microtubules v v 
(3) • Microtubules have been identified in recent years as key compo- \ 
nents of most cells (4,5,6). They are found in the axons, dendrites r ’ • 

and neurites of nerve cells (7,8,9) and have been implicated in sensory 
transduction (10); they form part of the mitotic spindles (11,12,13) of - • 
dividing c^ells, and they are involved in maintenance of cell shape and 
in the intracellular transport of material (14,15). Microtubules are 
not static entities, but they are in dynamic equilibrium with subunits 
in the cytoplasm (16,17,18,19), being assembled as required by cell 
function. The structure of microtubules is known to be perturbed or 
destroyed by complexation with ligands, such as various plant alka¬ 
loids (20,21,22), with the concomitant destruction of physiological 
function. In view of these facts, it seems of importance to pursue 
in depth our observation of the binding of nicotine to microtubule 
subunits and to establish the detailed mechanism of this binding and 

. Details of experimental design and procedures (append extra pages as necessary) ' ' 1 

the nature of related effects on the structure of microtubules and their 
ability to self-assemble. The gaining of such understanding should • 
significantly advance the elucidation of the molecular mechanism by : 
which nicotine interacts wtih tissues to produce its various pharmo- ■[*$$$* 

cological effects. . 

. •. ' 

. Details of experimental design and procedures ’-••• u' v- 

The proposed experimental work will consist of the following studies; 

1. Binding of nicotine, nicotine metabolites and derivatives of • 

■ nicotine to tubulin; 


JM&'v- 

-V- 




2. Effects of nicotine and nicotine-related compounds on the self- 
association properties of tubulin; 

• • 3. Effects of nicotine and nicotine-related compounds on the struc- 

tural stability of tubulin. 

The investigation will be done using calf brain microtubule protein. 

■ This is an excellent system for study, since fresh calf brains are 
readily available, and the isolation procedure for obtaining homo¬ 
geneous protein is well established (23,24). The purified calf brain 
microtubule protein will be stored in 1M sucrose, according to the 
method developed in this laboratory by Frigon and Lee (25) who have 
demonstrated that this medium stabilizes this protein, which normally is 
highly unstable and readily denatured. A further advantage of using 
calf brain microtubule protein is that it has been recently character¬ 
ized in great detail by Lee et al. (24,26).of this laboratory. 


In view of these ground-breaking studies on the protein, this laboratory 
is at present in a unique position for carrying out the proposed studies. 


^vjjLee et al (24) have shown that the chemical composition (amino acid 

sequence) of calf brain microtubule protein is similar to that of • *~ :; *^*&* ! : 

C microtubule subunits from other sources. The protein consists of two 
.. .. ^almost identical subunits, each with a molecular weight of 54,000 + . 

•. 1/000. There is one intrachain disulfide bridge and several free 
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C ) sulfhydryl groups fully accessible to solvent. The native isolated 
protein consists of dimers with a molecular weight of 110,000. ; ■ 

, ■ Weisenberg and Timasheff have shown that, in the presence of magnesium, 
EE: these dimers self-associate to large species (23) with molecular 
t#': weights in the vicinity of 2.5 million, as found by Frigon and 
’' Timasheff (27). This species is similar in size to the disk-like 
structures'which have been observed (28) and proposed as centers of 
".v,^.nucleation for the self-assembly of microtubules. 

VvcEEEThe assembled microtubules are hollow, usually straight cylinders, 
approximately 240A in diameter. The outer walls are 50A thick and are 
E’E"composed of the tubulin subunits. The assembled microtubules, in vivo , 

’ are in a state of dynamic equilibrium with a soluble pool of subunits 
:• t (18,29) . Thus, it appears that these structures are assembled as 
needed by cellular function. 

Binding of ligands to microtubules strongly perturbs or destroys 
their structure, with a resulting loss of their physiological func- ‘ 
tion. This effect has been studied in particular detail for the plant 
Es alkaloids colchicine and vinblastine, which not only destroy these ;EE.., 
.structures in vivo (20,22), but also strongly affect the self-associa-^ 
".-' tion of tubulin in in vitro solution studies, as shown by Weisenberg 
Vand Timasheff (23). _ ^ '■:■■■ -y- 

'" v: ’The outlined studies will be carried out by a variety of protein r-? 

( physico-chemical and chemical techniques. These include equilibrium 
and velocity sedimentation, light scattering, gel filtration, circular 
dichroism, fluorescence, ultra-violet and infra-red spectroscopy, 
microcalorimetry, densimetry, controlled chemical modification of pro¬ 
tein side chains, potentiometrie titration, in their various ramifica¬ 
tions as required for each particular study, and with the rigorous quan¬ 
titative application of the most modern theories in the analysis of the 
, ; results. These methods, which have been used with a great deal of suc- 
- . cess in the past in the principal investigator's laboratory, are des- 
cribed well in the review literature, for example in three volumes re- 
cently edited by the principal investigator (30) (Tables of contents 
■’ enclosed.). These techniques do not need to be described in detail 

here. • Suffice it to remark that the criterion used in the past by the 
principal investigator will be applied to these studies, as well; 
namely that results obtained on a problem by several unrelated tech¬ 
niques should be quantitatively consistent. 


Binding of Nicotine and Nicotine-Related Compounds to Tubulin 

^Nicotine is actively metabolized 'by man and other mammals by a 
variety of pathways to give a number of products (31,32). The prin¬ 
cipal pathways and products are summarized in Figure 1. It is not 


© 

© 

CJ 

© 

£2 


clear at present, however, what role the products of nicotine meta- 



by similar binding studies of products of nicotine metabolism 
and other nicotine-related compounds. Initially, the binding " 
of nicotine metabolites to tubulin will concentrate on cotinine 
and cotinine-N-oxide,' - since their incorporation in even minute 
amounts into microtubules will be detectable by radioimmunoassay 
techniques developed for these compounds, as well as for nicotine 
by Dr. H. Van yunakis of this Department (34,35). In later ?/; 
stages of the investigation, similar studies will be extended to 
other metabolites. The compounds in question are either avail¬ 
able commercially or can be synthesized according to methods Y : Y ; 
described in the literature (35). > -A/YY' 


V : v*'. r -?Y 
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In order to establish the mechanism of binding of a ligand - ; |!-% 
to a protein it is essential to determine the stoichiometry of 
the association and the variation of the equilibrium constant 
with changes in conditions (e.g. temperature, pH of the medium, 
nature and concentration of salt in the buffer system, etc.) (36). 

From the thermodynamic parameters obtained in this way, namely the 
free energy (AG), the enthalpy (AH), the entropy (AS) and the yy^| 
heat capacity (AC_) , and from the patterns of their variations 
with changes m environment, the nature of the forces operative, 
and thus of the types of interactions and of the chemical groups 
' involved, can be deduced. These conclusions can be confirmed -r- 

and further refined by proper chemical modifications of the pro-'^^^if 
tein and the ligand followed by binding measurements. For ex- 
ample, groups identified on the protein by thermodynamic measure- Y?:? 
raents can be selectively blocked or altered; on the other hand, ' 

groups on the ligand can be modified by the synthesis of the 
proper derivatives, and the component parts of a complex ligand, 
such as nicotine, can be studied separately (in the case of /.Y-'/ 

nicotine this would involve separate binding studies of pyridine 
and of N-methylpyrrolidine); such experiments would determine Y 

the contribution of each ring of nicotine to the total binding. Yy 


The binding studies will be performed using a variety of '. VY^Y 
techniques, selected according to the properties of the individual I 
ligands and to the particular piece of information sought in a given ' 
experiment. These will include equilibrium dialysis, ultra- 
filtration, absorption spectrophotometry, fluorescence and various 
column iethods (e.g., the one described by Hummel and Dreyer (37), 
snd the column scanner developed by Ackers (38)). By applying 
these experimental methods to a given protein-ligand system, •• 

the number of binding sites for the ligand on the protein and „ 

the intrinsic binding constant can be determined. By making ’ Y Y- 

experimental measurements at several different temperatures, the 
van't Hoff enthalpy and also the entropy of binding will be cal- Y. 
culated. In addition to the equilibrium studies, direct calor- ,Y‘Y 
imeteric determinations of reaction heats will be performed. _Y: ; ' ^ 

As stated above, in order to arrive’ at an exact und^^nd^^ 
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the various types of forces which contribute to the binding. 


The interactions between biological molecules involve many 
complex reactions of covalent and noncovalent forces, such as 
dipole-dipole interactions, hydrogen bonds, hydrophobic and 
Coulombic interactions. These may be identified and sorted out V 
by subjecting the associating system to various probes and moni- .. ^ 
toring the response of the system. The thermodynamic character- 
istics of the various types of non-covalent interactions and the " ^ 




iVWS**'* 

mm 


probes that can be used to distinguish between them are summar- . 
ized in Table I (39,41) . • / 








TABLE I 

Intermolecular Forces 




1. 

Electrostatic 





... a. Non-specific 

AG° 

>o 

, Vary pH and ionic strength , :V ; 


’ v b. Specific site 

AG° 

. <o 

Vary pH and ionic strength '"M 



> 

X 

0 

. <° 

Chemical modification of site 



AS° 

> o 

Titration of specific groups 
Vary nature of supporting 
electrolyte (F - <C1 - <C10 4 _ ) 

2. 

H-Bonding 

AG° 

. <o 

Vary temperature : 



> 

X 

o 

. <o 

Identify groups by chemical 



AS° 

. <0 

and spectroscopic means 

3. 

Hydrophobic 

AG° 

<o 

Vary temperature ; ' ' 



AH° 

>o 

Vary medium (D 2 0, 



AS° 

>o 

Hofmeister series: 



AC o 

<o 

SCN“<C1~ <S0 4 = ) 

4. 

van der Waals 

A. 

Small 
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In probing intermolecular interactions, a particularly valu¬ 
able approach is through variations of the medium. By alterinq 
the polarity of the medium, such as by addition of organic sol¬ 
vents, the dielectric constant of the medium would be decreased. 
This strengthens the electrostatic interactions, but weakens the 
hydrophobic interactions. Another sensitive probe is available 
m the Hofmeister series of anions (142). In general, the anions 

b \ 1 ^? te< ? as a series in increasing degrees of strengthening 
hydrophobic lnt^rsnhinnq* <zr tj- rin 





Sourcerntips:7/www.inausirycfocuments.ucsf.eau/aocs 
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The pH-dependence of the binding will be followed. This 
will give information on ionizable groups involved in the process. 
Changes in the state of ionization of microtubule protein during 
interactions can also be followed calorimetrically. In buffered 
aqueous solutions, the observed calorimetric heat, Q 0 hs' is given 
. by the N relation .. : . • 

' ' • ®obs ~ ®rx + n H^ion 

where Q_ is the heat of the reaction, Q. is the heat of ioniza- 
rx ion 

tion of the buffer, and n^ is the number of protons involved. If 

a reaction is studied at constant pH in buffers of different heats 

of ionization, then n H AND Q rx may be readily determined. The ; 

sign associated with n fl indicates whether protons are released or 

absorbed during the reaction. This powerful method has been used 

in a number of studies (44,46) and has revealed the presence of 

reactive protons not previously suspected. 

%•* Following the studies with nicotine itself, similar measure¬ 
ments will be carried out with pyridine and N-methylpyrrolidine, • 
as well as with chemical derivatives of nicotine, with chemical 
modifications dictated by the conclusions of the thermodynamic 
studies. ... . ' V; 


TV i V; V 

f-s 




Effects of nicotine and nicotine-related compounds on the self- 
association properties of tubulin. 


The tubulin-nicotine binding studies will be paralleled by 
studies of the perturbation of the self-association of tubulin to 
form microtubules. Since normal intact microtubules are required . 
for their physiological function, a perturbation of the morphology 
of these structures or in the pathways of their assembly results 
in serious perturbations of biological function. -V 

• . • • • . _ .v 

Studies in the principal investigator's laboratory indicate 
that, in the presence of magnesium ions, tubulin self-associates 
in steps to a species that, in size, is similar to the discs 
that have been reported as precursors of microtubule formation. 
Therefore, the effect of nicotine binding on tubulin self-associa¬ 
tion in the presence of magnesium will be investigated, in a manner 
similar to the studies in the principal investigator's laboratory 
of the perturbation of magnesium-induced association of tubulin by 
the alkaloid, vinblastine (23). 


' - - - ' • • •.''S' ' V 

The association studies will be pursued primarily by sedi- 
. . mentation (47-55) and light scattering (56-60), since the data 
obtained by any one technique alone may not be sufficient to 
' ■:*' elucidate clearly the behavior of the system. .The initial invest!-^7^; 

■ • •• •• -• '5. ••y.K&'rfV''-. ■ -V--- 

\ . . ■_ •* •- ■*> •-* ’ V,- £ v 

* - . * . v ’ •’ '' •- ■ ;■ . - .■.? .■ -a.- ->•:--»V > • ..vtV 

■ , r ' : :v - 
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gations will be performed by sedimentation velocity. The depen- • , i 
dence of the sedimentation coefficient and of the area distribu- 'Ac¬ 
tion under the reaction boundary on both protein and nicotine con- v 
centrations will be determined. The results of this study will 
be analyzed in _ terms of the theory of sedimentation for ligand- : ‘ 

m©d.iated association of Cann and Goad (161) and the simulation of ‘yiit-."-* 

sedimentation patterns of associating systems, as described, for • 
example, by Gilbert and Gilbert (155). The molecular weight dis- ■ ': "v 

tribution as a function of protein concentration will be obtained > 

from sedimentation equilibrium studies. This will enable the calcu- , 
lation of the equilibrium constant of this system. Measurements 
as a function of temperature will yield the van't Hoff enthalpy, C . 

and, therefore, the entropy of the system. Furthermore, micro- "L ' 

calorimetric studies of this association process, as well as of 
dilution-induced dissociation of the aggregates ( 44 ), will pro¬ 
vide additional valuable thermodynamic information for furthering 
our understanding of these processes. 

• Following the indications of Table 1, the effects of ionic 
strength, specific anions, D 2 O and non-polar solvents on the pro- • 
tein interactions in the presence of nicotine will also be inves- . 7 . 

tigated. The interpretation of such measurements may require the ' ,.x . 7 : 
application of multicomponent theory to include the consideration 
of preferential interaction of solvent components with the protein 
(62,63). 

Following’the studies with nicotine itself, similar measure¬ 
ments will be carried out with nicotine derivatives, following as 
a guide the results of the binding studies described above. 

As knowledge develops on the tubulin-nicotine interaction, 
the solution studies will be extended to the level of self-assembly 
of microtubules in vitro . Reconstitution experiments will be 
carried out according to t^j method of Weisenberg (64). The sys- 
tem will contain in additionS 8 r 1 § e related compound identified ; v 7.177 

through solution studies as a perturber of tubulin self-association. 

It is expected that such perturbation on the molecular level should 
have a strong effect on the reconstitution of microtubules and on 
the morphology of assembled structures, if such are formed in the 
presence of the ligands. 



The results of these experiments should permit to carry out 
well controlled in vitro experiments on the effects of self-assembly 
perturbing nicotine-related ligands on reconstituted microtubules. 

In these experiments, microtubules will be reconstituted according 
to the method of Weisenberg (64), ligand will be added to the system 
and a kinetic study of microtubule degeneration will be carried out 
by changes in light scattering and in details of structures observed 


by electron microscopy. ±n one xa 
tion, structures sufficiently small 






- -j ---*> > • 

1 to be followed by solution 
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thermodynamic and conformational methods could be formed. This v 
would complete the'cycle of experiments. In this manner- it is 
expected that a direct link should be established between the 
quantitative solution studies on the molecular level and the 
morphological effects. , 

Effects of nicotine and nicotine-related compounds on the struc¬ 
tural stability of tubulin . 

Since the binding of ligands to a protein may induce con- . _ • 
formational changes, the thermodynamic studies will be comple¬ 
mented by careful conformational examination of the various sys¬ 
tems. These experiments will be done using the methods of circu¬ 
lar dichroism and fluorescence and, if necessary, NMR. Prelim¬ 
inary experiments in the principal investigator's laboratory 
indicate that, in the near ultraviolet region, some rotational ■ 
bands are perturbed in the circular dichroisnspectrum by the bind¬ 
ing of the alkaloid vinblastine. Similar perturbations may be ex¬ 
pected to accompany the binding of nicotine. While the affected 
bands are most likely due to tyrosine transitions, their identi¬ 
fication will be carried out by controlled chemical modification 
of the tyrosines by acetylatian and cyanuration (65), followed by 
binding experiments and circular dichroism and fluorescence mea¬ 
surements. 
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Furthermore the effect of nicotine binding on the structural 
stability of tubulin will be examined by parallel thermodynamic, 
conformational and activity experiments as a function of ligand 
composition. The thermodynamic experiments will be aimed at the 
determination of the transition temperature of tubulin. The tran¬ 
sition temperature will be determined by monitoring the change in 
UV absorption in the 280 run region and treating the results by 
standard thermodynamic methods. Densimetry measurements will also 
be carried out. These will result in a measurement of the volume 


change, AV, which occurs when nicotine is bound to tubulin, since 

( 66 ) 

AV = M 2 [v 2 (in the presence of nicotine) - v 2 (in water)] 
where M 2 is the molecular weight of the protein. 

The thermodynamic information available from the transition 
temperature measurements, supplemented by microcalorimetric mea¬ 
surements, on the effects of nicotine on the stability of the 
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tubulin molecule, together with the knowledge of the energy of 


stabilization of the system by 
apparent volume of the protein 
measurements, should lead to a 


the ligands and of the change in ■.& 
obtained from the densimetry' 
further understanding of the nature 




interactions 


the manner 


which nicotine 


compounds affect the stability of the tubulin molecule. 


related 
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of the tubulin molecule. 
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: 14. First year budget: ' /• '. V' \ 

A. Salaries (give names or state "to be recruited") % time 

'- v ; 'V>- Professional (give % time of investigator(s) 

,i-.V even if no salary requested) 

‘ • ' ‘ , '' *• • •; •; -■ 

Serge N. Timasheff, Prof. // l r 15 
.-•r : v J and Principal Investigator 

K;;; Dr. Marina Gorbunoff, Senior 20 

w-:: • Research Associate 

.>>; Dr * J ? mes Lee, Sr. Research Asso. 20 

\ Dr. Donald Atha, Research Asso. 100 

a.z-.To be appointed: Grad. Research Fellow 100 

•"• r v > v * Technicol • ‘ V -T ’ 

y^v. Valda Bolis r Research Technician 100 

Miriam Torney, Adm. Assistant 20 

Staff: Dishwasher 20 

Fringe Benefits 


$ 3,600 


9.500 

3.500 


8,000 

1,500 

1,250 

2,188 


V- ■' '‘ K ‘ ’ ; V. - : ■' Sub-Total for A _ 

Consumable supplies (by major categories) 

*V 3$ y ’ ' . ’■ . - . . . ' 

Glassware ;■** -• 

* Chemicals and Biochemicals 
’ Chromatographic Supplies 

Replacement cells, Xenon lamps and liquid nitrogen 
for Cary 60 Spectropolarimeter 

Sub-Total for B _ 


29,538 


1,000 

2,000 

1,500 

1,500 
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C. Other expenses (itemize) 

Travel to pertinent meetings 
Publication costs 
Servicing of equipment 
Xeroxing and drafting costs 


Sub-Total for C 


Running Total of A + B + C 

D. Permanent equipment (itemize) 

LKB Fraction collector UVcord column monitoring 
device, recorder and other accessories 
Replacement drives and rotors for analytical 
ultracentrifuge 


I E. Indirect costs (15% of A+B4-C) 
15. Estimated future requirements: 


Sub-Total for D 
E 

Total request 


Year 2 31,015 
Year 3 qq nc 


Salaries Consumab le Suppl. Other Expenses Permanent Equip. 

L ,015 7.000 7 cnn 1,000 


7,000 

7,500 
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1,000 

1,000 

900 

500 

3,400 

38,938 


7,000 

1,000 

8,000 

52,450 

Indirect Costs 

_6,24 2 ,,, 


51,411 
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16. Other sources of financial support: 

List financial support from all sources, including own institution, for this and related research projects. 


Title of Project 


CURRENTLY ACTIVE 
Source 

(give grant numbers) 


Structure and Interac- NIH-GM 14603 

tions of Proteins in 

Solution 

Thermodynamics and 

Geometry of Protein In- NSF-GB 38544X 
teractions" 


*The Interaction of American Cancer Soc. $ 12,75(1 1/1/74-12 

Brain Microtubule Pro- Mass. Division . ]. _ ^ 

tein with Vinblastine This grant is limited to o 

and Other Anti-Cancer I and car } nQ . S.fr e - 

Drugs *Largely to support one postdoctoral research associate 

for one year. pending or planned 


Inclusive 

Amount Dates 

$236,53( 9/71-8/31/76 

(current year: $37,564) 
reduced from $44,192; sub¬ 
sequent years equally reduced. 

$ 9Q,00( 6/1/73-5/31/76 

(Total zost for 3 years 

$ 12,7 5 C 1/1/74-12/1/74 

•ant is limited to one year 
and cannot be renewed. 


Title of Project 

Tubulin Associations and 
effects of anti-cancer 
drugs 


pending or planned 

Source 

(give grant numbers) 


Inclusive 

Dates 


NIH- decision pend- $63,526 11/1/74-10/31/75 

ing TEQUESTEd 


lift- 
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ft is understood that the investigator and institutional 
officers in applying tor a grant have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made.' 
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Telephone-61 7- -64 7~ 2 7 2 0___ 


do, HX 




Checks payable to 

C,. Be rnard I . L evinson_ 

Coordinator of Sponsored Research 

Mailing address for checks 
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’’Molecular Mechanisms Underlying the Development of Tolerance 
to Nicotine" 
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History 

This proposal was case #2l4, and application was encouraged. 
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in the application. 
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The Council For Tobacco Research-U.S.A., Inc. 

110 EAST 59th STREET 
NEW YORK. N. Y. 10022 
(212) 42J-8885 

Applicati on for Research Grant 
(Use extra pages as needed) 

1. Principal Investigator (give title and degrees): 

Robert L. Voile, Ph.D., Professor 
Edward G. Henderson, Ph.D., Associate Professor 

2. Institution & address: f 

University of Connecticut 
Health Center 

Farmington, Connecticut 06032 
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3. Department(s) where research will be done or collaboration provided: 

Pharmacology 

4. Short title of study: 

Molecular mechanisms underlying the development of tolerance to nicotine. 


5. Proposed starting date: 

6. Estimated time to complete: 

7 


January 1, 1974 
3 years 


o 

o 
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Brief description of specific research aims: 1 

Our primary objective is to study the pharmacology of nicotine, lobeline* and 
other nicotinic agents with the view of learning about central and peripheral 
toxicity to these drugs. Special emphasis will be placed on the study of the 
mechanism of tolerance to the nicotine drugs. It is well known that tolerance 
to nicotine develops when the compound is taken repeatedly. This is evident from 
the fact that confirmed tobacco smokers adapt to large amounts of the alkaloid 
while marked symptoms are exhibited by the tyro. A parallelism exists between 
this adaptive response to continued tobacco smoke and the adaptation or desensiti¬ 
zation to nicotine which occurs at peripheral sites. A thorough examination of 
the process of desensitization at peripheral sites should be of great value in 
understanding central adaptive responses to nicotine. The proposed study will 
involve a further characterization of the mechanism of neuromuscular desensiti¬ 
zation caused by lobeline and nicotine. The interaction of nicotinic agents with 
the neuromuscular junction and excitable tissues will be examined by radiochemical 
and electrophysiological techniques. It is expected that the proposed study will 
provide conclusive information as to the mechanism of lobeline’s antagonistic 
actions toward nicotine and tobacco smoke and, in addition, will aid in under- 
standing the underlying molecular mechanism involved in the desensitization 
process. '■ , \ \ 




, ys..i 


!§0UF^http#^wWw.iudiJstrydocurBents/Cicsf:edu^ddcs/hRlitjo6^ 





2. 


8. Brief statement of working hypothesis: 

According to the cyclic hypothesis of the mechanism of receptor desensitization 
(Katz and Thesleff, 1957): 


< 


A + R 


ilk 


AR 


(4) 


t l 

A+R 1 ■ ===> AR 1 


( 2 ) 


(3) 


The interaction of an agonist molecule (A) with the end-plate receptor (R, 
reaction 1) leads to a depolarization. Desensitization results from the gradual trans¬ 
formation of the receptor into a non-reactive form R 1 (reaction 2) which reverts slowly 
to R after the withdrawal of the drug (reactions 3 and 4). Desensitization is general¬ 
ly associated with the repolarization of the end—plate membrane; but receptor desensi— 
tization with lobeline and nicotine can occur, under appropriate conditions, without v ~ 
causing a depolarization (Hancock and Henderson, 1972; Steinberg and Voile, 1972; Voile 
and Reynolds, 1973). In fact, it has been suggested that the use of depolarization 
alone as a measure of the drug effect is unsatisfactory (Rang, 1971). Earlier studies 
have demonstrated that the Em of end-plates of depolarized skeletal muscles was not 
changed by addition of acetylcholine (ACh) but that the electrical conductance of the 
post-synaptic membrane was raised (Castillo and Katz, 1955) and the inward and outward 
movements of sodium and potassium were increased (Jenkinson and Nicholls, 1961). From 
this evidence it is clear that the interaction of nicotinic agents with the post-synaptic 
membrane caused an alteration of ionic exchange without depolarization. Whether or not 
the modification of a particular ionic exchange mechanism by the nicotinic agent is 
^volved in the desensitization process will constitute the major emphasis of this project. 

9. Details of experimental design and procedures (append extra pages as necessary) 

It is well known that nicotine has a bi-phasic action on neuromuscular transmission 
(Thesleff, 1960). Whereas small doses of nicotine facilitate the transmission of impulses 
across the neuromuscular junction, a blockade of transmission occurs when larger doses of 
nicotine are applied. This inhibition of transmission is also bi-phasic: the initial 
block (phase I) is associated with depolarization and the late block (phase II) is as¬ 
sociated with repolarization (Hancock and Henderson, 1972). Nicotine is also capable of 
being transported across the muscle cell membrane, altering calcium movement, and possibly 
exerting a direct effect on the muscle membrane (Weiss, 1966a, 1966b). 

In order for neuromuscular transmission to occur, a depolarization or reduction of 
the resting potential of the motor nerve terminal must take place which results in the 
release of acetylcholine (ACh). ACh then diffuses across the synaptic gap and exerts its 
action (depolarization of the skeletal muscle fiber) at a specialized postsynaptic site 
(end-plate) on the skeletal muscle fiber membrane. When the depolarization of the end- 
plate attains critical values, the generation of muscle action potentials occurs. The 
conduction of action potentials by the muscle fiber membrane is regenerative in nature 
and, like other electrically excitable tissues, is associated with specific changes in 
sodium and potassium permeability. Whereas excitability of the muscle cell membrane is 
associated with very specific changes in sodium and potassium permeability, depolariza¬ 
tion of the end-plate is generally considered to be accompanied by nonspecific ionic 
permeability changes. 

Accordingly, nicotine could exert its effects on muscle by causing the release of 
f \ from a presynaptic storage site, by combining with specific receptors of the end- :W : 

plate, by altering the permeability properties of the muscle membrane, by activating 
directly the contractile mechanism or by a combination of these mechanisms. There is V-* 
very little known as to the sites where nicotine exerts its influence and what specific 
fundamental physiological processes are involved. 
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In contrast to nicotine, lobeline does not cause depolarization of the end- 
plate or the muscle fiber but it does cause an insurmountable blockade of the 
f -jotine-induced depolarization (Steinberg and Voile, 1972; Hancock and Henderson, 

2; Voile and Reynolds, 1973). Nicotine reduces both quantal size and quantal 
content while lobeline reduces only quantal size, indicating that its effect is pri¬ 
marily post-synaptic. 


Recent (unpublished) experiments in our laboratories indicate that lobeline (in 
the presence of d-tubocurarine) causes a frequency dependent depression of the twitch 
of directly stimulated frog sartorius muscle. Nicotine will also decrease the tension 
developed by directly stimulated muscle but the depression is transient and parallels 
the time course of the nicotine-induced depolarization-repolarization sequence. The 
nicotine induced twitch tension depression was blocked by d-tubocurarine while that 
caused by lobeline was not. This direct interaction of lobeline with the muscle cell 
membrane is suggestive of a local anesthetic type of interaction, since local anesthe¬ 
tics produce a similar response. Like lobeline, local anesthetics do not depolarize 
nerve or muscle fibers bathed in physiological solutions (Thesleff, 1956; Inoue and 
Frank, 1962) and block transmission at the myoneural junction (Thesleff, 1956; Castillo 
and Katz, 1957). The local anesthetic, procaine, has been demonstrated to interact with 
both pre- and postjunctional structures (Galindo, 1971), while only a postjunctional 
interaction of lobeline has been documented (Steinberg and Voile, 1972). In view of the 
similarities of the interactions of lobeline and local anesthetics with muscle cells and 
neuromuscular junctions, the fact that a prejunctional effect of lobeline has not been 
demonstrated is inconsistent. Therefore, it will be necessary to reexamine the effect 
of lobeline on neuromuscular transmission. The neuromuscular junction of both the frog 
sartorius and rat diaphragm will be impaled with microelectrodes and the parameters of 
transmitter release designated as quantal content (m) and quantal size (q) will be ana— 
f zed by measuring the variation of the amplitudes of end-plate potentials (EPP's) 
k-/oked by trains of stimulation of the sciatic nerve or phrenic nerve at rates of 5 to 
20 impulses per second (Martin, 1966; Hubbard, et_ al_. , 1969). In the previous study 
of this type it was found that the decrease in EPP amplitude caused by lobeline (10 -5 M 
to 2xlO~-’M) was due to an interference with the postjunctional action of the transmitter 
as evidenced by a decrease in quantal size (q) without significantly altering quantal 
content (m) (Steinberg and Voile, 1972). In the proposed study concentrations of lobe¬ 
line (>_ 5xlO~~*M) which produce a local anesthetic type block of muscle twitch will be 
employed. If the parallelism with local anesthetics persists, a decrease in both q and 
m would be expected. 


In order to further evaluate the possibility of a local anesthetic type of inter¬ 
action of lobeline with cell membranes, the effects of lobeline on the threshold fur 
excitation of muscle cell membranes and membrane ionic conductance will be evaluated. 

It is characteristic of local anesthetic interaction with excitable tissues that the 
threshold for action potential generation is elevated in the presence of the local 
anesthetic. Therefore, the effects of lobeline on the directly stimulated muscle fiber 
will be evaluated and compared with typical local anesthetics. Methods to be employed 
will be similar to those previously described (Fatt and Katz, 1951; Castillo and Katz, 
1955; Adrian, Constantin and Peachey, 1969). The end-plate and non-end-plate membrane 
will be impaled with two glass microelectrodes. One of the electrodes filled with 3M 
K + -citrate will be used to pass an electrical current while the other will be used to 
record the resulting voltage displacement. Both the current applied and the voltage 
displacement will be monitored with a Tektronix 502A oscilloscope and recorded with a 
Lehigh Valley Electronix moving film camera. The current-voltage records obtained will 
a analyzed in the manner originally described by Hodgkin and Rushton (1946) . The data 
^utained in this manner can be used to calculate the total membrane conductance (G m ). 
The G m reflects the total ionic exchange under the specific conditions to be employed. 
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The depolarizing current necessary to cause a propagated action potential represents 
f threshold for excitation. Current-voltage records and threshold stimulating 
currents will be measured before and after the application of lobeline, nicotine and 
local anesthetics. If lobeline modifies the measured parameters in the same way as 
typical local anesthetics, further evidence will be obtained to characterize the inter¬ 
action of lobeline as local anesthetic-like. 


An additional phase of this project will involve an examination of the mechanism 
responsible for the decreased rate of desensitization caused by depolarization of muscle 
cells (Magazanik and Vyskocil, 1970) and temperature reduction (Harris and Leach, 1968). 

It is suggested from these earlier studies that desensitization may involve the ionic 
channels of the membrane rather than or in addition to the receptors. Accordingly, a 
study will be made of the mechanism responsible for the decreased rate of desensitization 
to nicotine at low temperatures and in depolarized muscles. Both the reduced temperature 
and depolarization effects 'are suggestive of a Na + -K + -ATPase inhibition. Since cardiac 
glycosides also inhibit the Na^-K -ATPase system, the effects of these agents on the 
nicotine-induced depolarization-repolarization sequence will be measured and compared 
with the effects of low temperature and KT 1 "-induced depolarization. The ability of lobe¬ 
line to produce desensitization at low temperatures and in depolarized muscles will also 
be examined by the aforementioned electrophysiological methods. 

In frog sartorius muscle there are more than one end-plate or chemosensitive sites 
per muscle fiber. While in most mammalian skeletal muscle fibers, the end-plate region 
of the neuromuscular junction usually occupies only a small fraction of the entire mem 
brane surface. However, when the nerve supply to the skeletal muscle is severed and 
allowed to degenerate, extrajunctional receptors to ACh develop along the entire membrane 
[ rface (Thesleff, 1960; Miledi, 1960; Henderson and Hancock, 1971). The denervated 
muscle, then provides us with a system of expanded chemosensitivity, .i.e^ > a- magnified 
end-plate, and provides a nearly ideal preparation for investigating the effects of nico¬ 
tine and lobeline on the permeability of the end-plate and extrajunctional receptors to 
various inorganic ions. 

Therefore, the normal frog sartorius and the denervated rat diaphragm muscle will 
be used to study the effects of nicotine and lobeline on end-plate phenomena. It has 
been demonstrated that it is possible to measure a significant increase in the rate of 
potassium ( 42 K) efflux induced by the application of nicotine to a normal frog sartorius 
muscle and that denervation does not intensify the response fftenherson anci Tiancoc’K, YV71-, 
Hancock and Henderson, 1972). In contrast, only the denervated mammalian muscle responds 
to nicotine with an increase in 42 K-efflux (Henderson and Hancock, 1971). The increased 
rate of 42 K—efflux in both preparations follows the same tame course as the depolarization— 
repolarization sequence. Therefore, in normal physiological saline solutions it is not 
possible to dissociate the E m change from the ionic flux changes. 


Recently, it has been demonstrated that nicotine can produce receptor desensitiza¬ 
tion without depolarization by first applying the drug in either a sodium free medium 
or in a solution with elevated K+ (Voile and Reynolds, 1973). The subsequent applica¬ 
tion of an equivalent or higher dose of nicotine in a physiological solution does not 
produce a depolarization equivalent to that which would be expected under normal condi¬ 
tions. It should be possible with this technique to measure the alterations of ionic 
exchange caused by nicotinic agents in the absence of depolarization. . 
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were incubated in radioactive (^K) Ringer's solution overnight and then the washout 
or efflux of the radioactive tracer.was followed in isotope-free, sodium-free (Tris- 
( substituted for NaCl) by methods previously described (Sjodin and Henderson, 1964; 
Henderson and Voile, 1972), At the time indicated by the first arrow nicotine (0.05 mM) 
was added to the solution bathing one of the muscles (•) while carbachol (0.1 mM) was 
added to the solution bathing the other muscle. Both nicotinic agents caused a signi¬ 
ficant increase of the rate constant for ^ 2 K-efflux. At the time indicated by the second 
arrow the drugs were removed and the rate of efflux returned to control levels. The 
third and fourth arrows indicate the second addition of equivalent concentrations of the 
drugs. These experiments indicate that the stimulation of 42 K-efflux by nicotinic agents 
can occur in the absence of depolarization and that this stimulation of K-exchange was 
not desensitized since the degree of stimulation produced by the second application of 
the drugs was equivalent to the first. 

These experiments yield only preliminary findings and many more with varying doses 
of nicotinic agents and varying exposure times will be needed in order to evaluate the 
interaction of nicotine with the end-plate potassium ionophore. Similar experiments 
will also be undertaken with strips of denervated rat diaphragm muscle in order to compare 
the responses of the two species. Additional experiments employing agents which speci¬ 
fically block K^-exchange across the muscle cell membrane (£•&*, 9-aminoacridine and 
Ba ++ , Henderson and Voile, 1972) will be undertaken in order to determine whether or not 
the end-plate K 4- ionophore is the same as that of the surface membrane. Muscles will be 
bathed in a sodium-free solution containing one of the blocking agents and then the nico¬ 
tinic agent will be added. If. the stimulation of ^K-efflux caused by nicotine is blocked 
by either 9-aminoacridine or Ba 4 " 4 , it would be indicated that the end-plate K 4 channels 
are identical to those of the surface membrane. 

C Muscle cells depolarized by the elevation of extracellular K 4 concentration do not 
polarize further after the addition of ACh but the end-plates respond to ACh with a 
change in electrical conductance and an increase in Na 4 and IT*" exchange (Castillo and 
Katz, 1955; Jenkinson and Nicholls, 1961). In addition, tetrodotoxin (TTX) and saxitoxin 
(STX) block conducted action potentials of nerve and muscle by specifically reducing the 
inward sodium current (Narahashi, Moore and Scott, 1964) while they do not prevent nico¬ 
tinic agents from depolarizaing the end-plate membranes (Elmqvist and Feldman, 1965; 

Kao and Nishiyama, 1965). Like the examination of K + -exchange, 22 Na-exchange will also , 

be measured in this study under the aforementioned conditions. These experiments will 
allow us to determine whether or not the Na"*”-ionophore of the end-plate membrane is the 
same as that of the surface membrane and to determine the contribution of sodium to the 
nicotine-induced desensitization phenomenon. The specific method of measuring Na- 
exchange will be with procedures previously described (Mullins and Frumento, 1963; Sjodin 
and Beauge, 3968; Henderson and Voile, 1972). 

These radiochemical techniques will also be employed to further evaluate the possible 
local anesthetic response to lobeline, since it has recently been demonstrated that local 
anesthetics block 42 K-exchange in resting muscle cells (Henderson and Voile, 1973). The 
local anesthetics butacaine and procaine were shown to block 42 K-exchange without depolari¬ 
zation in Cl~-containing media. In Cl -free media the blockade of 42 K-exchange by local 
anesthetics was identical but the local anesthetics produced a significant depolarization. 
Depolarization is an expected consequence of decreased K + -exchange and readily demonstrated 
when Cl“ conductance is diminished. Previous studies with lobeline involved measurements 
of in Cl”-containing media (Hancock and Henderson, 1972; Voile and Reynolds, 1973). In 
these experiments no depolarization was observed with lobeline concentrations up to 5x10 5 M. 

C ore recent preliminary experiments indicate that lobeline does cause a depolarization in 
1”—free media. By analogy, it would be predicted that K 4 — exchange was depressed. The . .. 
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C ssibility of a lobeline-induced depression of I^-exchange will be examined both 
y electrophysiological and radiochemical techniques and compared with the local anes¬ 
thetic induced blockade of IC^-exchange. 

In summary, this project will allow us to further evaluate the molecular mechanisms 
underlying the development of tolerance to nicotine and the antagonism between lobeline 
and nicotine. In addition, it is expected that the proposed study will allow us to 
determine whether a modification of the nicotinic receptor is involved in the desensiti¬ 
zation process or an alteration of a particular ionophore. These studies of the inter¬ 
action of nicotine and lobeline at peripheral sites will be of great value in under¬ 
standing central adaptive responses to nicotine. 
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. 10. Space and facilities available (when elsewhere than item 2 indicates, state location): 

The complete facilities of the Schools of Medicine and Dental Medicine 
will be available to the applicants. These include. The Health Center Library 
with a complete service for health related literature and a vivarium for quar¬ 
tering the animal species to be used in this study. The applicants have at 
their disposal laboratory and office space containing equipment for radioactiv¬ 
ity and ion analysis and equipment for electrophysiological recording. 

Major items of equipment available to the applicants include: a dual 
channel Auto—gamma spectrometer, three channel liquid scintillation spectrometer, 
atomic absorption spectrophotometer, flame photometric instrumentation, freezing 
point depression osmometer, desk top computer, dual channel oscilloscopes, square 
pulse generators, moving film recording camera, microelectrode puller and various 
high input impedance, capacity neutralization amplifiers. In addition, the faci¬ 
lities of the pharmacology department will also be available to the applicant. 
These include: a complete dark room, cold room, warm room and dishwasher- 
sterilization room. 


C 1 !. Additional facilities required: 
None, 


C 

12. Biographical sketches of investigator(s) and other professional personnel (append): 

13. Publications: (five most recent and pertinent of investigator(s); append list, and provide reprints if available). 

. . . Source: https://www.industrydocuirients.ucsf.edu/docs/lTnllQOOO * v • 
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14. Fl^st year budgets 

A. Salaries (give names or state "to be recruited") 
Professional (give % time of investigator(s) 
even if no salary requested) 

J R. L. Voile, Ph. D. 

E. G. Henderson, Ph.D. 


% time 


Amount 


Technical 

Research Assistant III Fringe Benefits (29%) 
(To be appointed) ($2,755.) 


12,255. 


Sub-Total for A 


B. Consumable supplies (by major categories) 

Radioactive isotopes 
Animals 

Chemicals, glassware, etc. 

Electrophysiological and photographic supplies 


12,255. 


3,000. 

1 , 000 . 

800. 

500. 


Sub-Total for B 


C. Other expenses (itemize) 

Principal investigator 1 s travel for the presentation 
of findings at scientific meetings (Pharmacol. Soc. 
and FASEB) 

Maintenance of equipment 

Page charges and reprints of publications 

Sub-Total for C 


400. 

800. 

400. 

1,600 


D. Permanent equipment (itemize) 


Running Total of A + B 4- C 


19,155, 


E. Indirect costs (15% of A-fB+C) 
15. Estimated future requirements: 


Sub-Total for D 


Total request 


22,028. 


Salaries Consumable Suppl. Other Expenses Permanent Equip. Indirect Costs Total 


Year 2 


Year 3 14,294 _ 5,000. _ 1,600. _-_ 3,134. 24,028. 

Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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5. 


16. Other sources of financial support: 

List financial support from all sources, including own institution, for this and related research projects. 


Title of Project 

Studies of Sympathetic Ganglia 
- Following Conditioning 
(Voile) 

Nicotinic Receptors in tfuscle 

Membrane: A Study of Receptor 

Desensitization (Voile) 

The Pharmacology of Glycerol- 
treated Striated Muscle 
(Henderson) , 


CURRENTLY ACTIVE 

_ 

Source 

(give grant numbers) 

Amount 

PHS Grant 5R01-NS07540-07 

21,806. 

AMA-ERF (Terminal Year) 

15,792. 

University of Connecticut 
Research Foundation 

2,900. 


Inclusive 

Dotes 

9/1/73 - 8/31/74 


8/1/73 - 7/31/74 
5/15/73 - 5/15/74 


Title of Project 

Pharmacological Modification of 
Ionic Exchange 
(Henderson) 


PENDING OR PLANNED 
Source 

(give grant numbers) 

AMHL 17386-01 


Inclusive 

Amount Dates 

129,515. I 1/1/74 - 12/31/74 


it is understood that the investigator and institutional 
officers in applying for a grant have read and accept 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made." 


Principal investigator 

t a Robei t E» Voile 

Telephone_ 203._6X4^2121 




Checks payable to 

f unes C. Leming, Assistant Vice-President 

^ Financial'S!fairs’ 

Mailing address for checks 

University of C onnecticut KealLh_Cent;er 
_Farmington.^ Connecticut -06032- 


Responsible officer of institution 

Glenn W. Ferguson, President or 
Typed Name_ Edward V, Gant, Pravast. - 

Title Pre sident or^ rovo st_ _ 

Signatusg ^<^ pll > ^^ Date 

203 486-2338* or / / 

Telephone_ 203 _ 4S6-2413_ 

Area Code Number fxtemion 


£6 v 


‘ Source: https://www.industrydocuments.ucsf.edu/docs/hnll0fOOO 
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Tin: Council For Tobacco Reseakcii-U.S.A., Inc. 


C 

February 7, 197^ 


Grant.application No. 9&0 
MISCELLANEOUS 


To: The committee comprising Drs. Bing, Huebner and Meier 

Subject: Shri N. Giri, Univ. of Calif. School of Veterinary Medicine, Davis 
New application No. 960 

"Cigarette Smoke and its Effects, in Man and Animals, on the 
Metabolism of the Well-Known Pesticide DDT and DDT Metabolites" 


History 

This proposal was initially handled as case No. 250 in the name of 
Mr. Richard K. Lee, a graduate student. Application was encouraged. 


c 


Request 

> 

Application No. 960 requests $23,865 plus one additional year. 


Document Submitted (attached) 

1. Application dated l/l8 fib (5 pages plus inserts). 

2. Biographical sketches of Mr. Lee and of Drs. Giri and Peoples. 


FWN:gh 

Enclosures 



F.W.N 
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Application for Research Grant 
(Use extra pages as needed) 


110 EAST 59TH STREET f - — —...-• . • 

NEW YORK, N\ Y. 10022 : 

(212) 421-8S8.1 : 

JAN 3 0 1974 D .f|i8^p 

y i l___ _.„_J 

.1. Principal Investigator (give title and degrees): 

a) Richard K. Lee, Graduate Student, M.S. o 

b) Shri N. Giri, Assistant Professor of Pharmacology, Ph.D., 

> ' Faculty Principal Investigator. .. . • 

c) Stuart A. Peoples, Professor of Pharmacology, M.D., Faculty Principal Investigator^ 

2. Institution & address: \ • 

School of Veterinary Medicine ; S- 




University of California 
Davis, California 
95616 




3. Department(s) where research will be done or collaboration provided: 

Department of Physiological Sciences 


4. Short title of study: 


71 

r 'W^ 

■. ,-c r 



Cigarette Smoke and its Effects, in Man and Animals, on the Metabolism of 
the Well Known Pesticide DDT and DDT Metabolites. 

5. Proposed starting date: July 1 > 1974* . ~. 

6. Estimated time to complete: One year 

7. Brief description of specific research aims: 

To determine whether cigarette smoking in humans results in lower endogenous 
levels of DDT and its metabolites, and concurrently to determine whether cigarette 
smoking enhances the rate of metabolism of exogenous DDT which may enter by the 
diet and or by intentional oral administration. In both cases to also determine 
whether a concomitant excretion as DDA, the principal urinary metabolite of DDT, 
is observed. 


< ,. “ * vm, 
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To determine the mechanisms involved for the proposed increase in DDT 
metabolism as a result of exposure to cigarette smoke. 

To determine the constitutent of tobacco smoke which is responsible for the 
postulated increase in DDT metabolism in those who smoke. Whether the causative 
agent of tobacco smoke is nicotine, benzpyrene or some other component of the , 
tobacco smoke. r* 

O 

To determine the feasibility of using Urinary DDA levels to measure the § 
homeostati 


il enzyme induction state of man and animals without altering the jgfl %pg*% 

:ic balance of the experimental subject. 

- a 1 .’. 1 v -’ -;> S ; 

.v, ; - r .^ v - J • •>:“ V 









8. Brief statement of working hypothesis: 


This author has previously made a finding that there are in fact higher 
levels of Urinary DDA in those who smoke. It is believed that such an increased 
level of DDA is a result of an enhanced ability, by those who smoke, to metabolize 
> both exogenous and endogenous DDT and or metabolites of DDT. The result of such 
an increase in metabolism being the beneficial ability to excrete DDT and or its 
metabolites, from the body, as Urinary DDA. For this reason, it is believed that 
a study of the effects of cigarette smoke on the levels of DDT, its stored 
metabolites and its urinary metabolite, DDA, is indicated. 

.??:• It is’'also believed, due to the ubiquitous nature of DDT, that the use of 
;V Urinary DDA as a tool for measuring the microsomal enzyme induction state of man 
and animals should be investigated. 




9. Details of experimental design and procedures (append extra pages as necessary) 

Experiment 1: Procedure for the determination of the effects of cigarette 

smoking on the metabolism of DDT and metabolites in man. . ^ 

Approximately fifty cigarette smokers, of which half will be male and ' -V.-r- 

half will be female, will be obtained. Classification will be according to 
the number of cigarettes smoked per day as well as to the length of time they 
have been smoking. An equal number of controls will also be selected. 

Blood samples and twenty four hour urine samples will be taken. A 
correlation between blood levels of DDT, DDE and possibly ODD with the urinary 
levels of DDA will be made and any distinction between smokers and nonsmokers 
will be noted. 

Blood analysis for DDT and metabolites will be by the modified Dale 
Method (Nachman et al., Health Lab Sci. 6 _: 148, 1969). Urinary DDA analysis 
will be determined By the method which made the initial finding, concerning 
the relationship between cigarette smoking and Urinary DDA levels, possible 
(Lee et al_., Proc. West. Pharmacol. Soc. 16^ 240, 1973). ■ 

Experiment 2 : Procedure for determining the mechanisms involved which account 
£or the observed increased levels of DDA in the urine of those who smoke. 

Experiment 2-A : In vivo effects of cigarette smoke on the metabolism of DDT 
and DDE in rats. 

A lighted cigarette will be attached to one end of a six liter chamber 
made to house four rats. Air will be drawn through the chamber. The rats 
will be exposed to five cigarettes per hour for four hour intervals each day 
for a total of two days. 

Twenty four hours after the last exposure, 30 mg/kg p,p* DDT will be 
administered to one group of rats i.p. and 30 mg/kg p,p' DDE will be administered 
i.p. to another group. An equal volume of solvent will be administered to a 
control group. Urine will be collected at twenty four hour intervals for two ^ 
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days. DDA analysis will be as previously described and a determination of 
whether cigarette smoke increases the metabolism of either DDT and or DDE 
should be possible. 


Experiment 2-B : In vivo determinations in rats of the effects of cigarette smoke 
on the metabolism of DDT- 14 C and DDE- 4 C. 


• Rats will be exposed to cigarette smoke as previously described. DDT- 14 C 
will be administered i.p. to one group and DDE-l^C to another. Dosage for both - • 

isotopes will be 4 mg/kg, Sp. A. 1 mc/mM. Controls will be given an equal volume ^ 
of the solvent. Urine will be collected for a twenty four hour period and at the ' ~‘- 
end of said period, a venous blood and fat biopsy sample will be taken. Deter- 
mination of the metabolites will be by thin layer chromatography and subsequent ■ 1 

quantitation by scintillation counting (Datta et al., Tox. Appli. Pharra. 6: 321, 1964) 



Experiment 2-C: In vitro effects of cigarette smoke on the metabolism of DDT 
and DDE. 



Again, rats will be exposed to cigarette smoke and lung and liver homeogenates 
will be made (Alary et al., Tox. Appli. Pharm. IS: 457, 1971). Subsequently, p,p» - ^.v 
DDE and p,p’ DDT will be added to different homeogenates (0.1 ml of 1 mg/ml) and 
incubated. Analysis for parent compounds and metabolites will be made %$$$$£. 

(Saschenbrecker et al., J. Agr. Food Chem. 15: 168, 1967). A possible 
inquiry into the use of kidney tissue may be made. 


Experiment 3: Procedure for determining the constituent of cigarette smoke 
which is responsible for the observed increase in Urinary DDA in those who smoke 



The use of known microsomal enzyme inducers, which are known to be present 
in tobacco smoke, will be utilized in an attempt to elucidate the mechanism 
involved for the observed increase in Urinary DDA levels in those who smoke. 


Initial experiments will be conducted through the use of nicotine and 
3, 4-benzpyrene. Rats will have their microsomal enzymes induced by these 
compounds and experiments analogus, and in a similar step wise manner, to 
those previously described will be performed. 

Rats will be given nicotine sulfate, 2 mg/kg/2 ml s.c. daily for fourteen 
days. Controls will receive saline, 2 ml, 0.85 g/ml w/v NaCl/kg. Another 
group of rats will be given 3, 4-benzpyrene, 0.5 ml of 20 mg/kg in com oil, 
for one day. 


After induction of the microsomal enzymes the following experiments, which 
have been previously described in more detail, will be attempted. 


Experiment 3-A: 


Rats whose microsomal enzymes have been induced by either nicotine or 
benzpyrene will be administered a large i.p. dose of either p,p' DDT or p,p' 
DDE (30 mgAg). The urine will be collected for twenty four intervals and 
analyzed for the presence of DDA. 
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Experiment 3-B; 

Rats will be administered nicotine and benzpyrene as described. This will 
be followed by an i.p. administration of DDT- l4 C or DDE- l4 C, 4 mg/kg, Sp. A. 

1 mc/mM. A correlation between DDT and its metabolites in blood, fat and urine 
by thin layer chromatography and scintillation will be made. A similar analysis 
will be made for DDE. . . 

. \ * ' 

Experiment 3-C: . 

After inducing the microsomal enzymes of the rats with either nicotine or 
benzpyrene, lung and liver homogenates will be made. Subsequently p,p* DDT and 
or p,p* DDE (0.1 ml of 1 mg/ml) will be added to the separate homogenates and 
incubated. Analysis for parent compounds and metabolites will be made. A possible 
inquiry into the use of kidney tissue may be made. 

Experiment 4 ; Procedure for the determination of whether Urinary DDA levels can 
be used as a means of measuring the induction state of the microsomal enzymes of 
man and animals. 


Experiment 4-A : The use of humans who are receiving treatment for epilepsy with 
either phenobarbital or diphenylhydantoin, both being known microsomal enzyme 
inducers, will be made. 

Urine will be collected from out patients in the Epilepsy Clinic, Sacramento 
Medical Center, Sacramento, California. A correlation between Urinary DDA levels 
and the administration of phenobarbital and or diphenylhydantoin will bo made. 


Experiment 4-B : Microsomal enzyme induction in rats and its effects on the 
Urinary DDA levels. 

Rats will be used as the experimental subject placed five per metabolism 
cage from which their urine will be collected at three hour intervals. Three 
groups of five rats will be used as controls. Experimental will be administered 
pretreatment i.p. doses of phenobarbital each day (75 mg/kg) for one week. 
Controls will be administered a like volume of saline. Diet will be adlibitum 
and will be measured. Urine will be collected and analyzed for DDA. Hopefully, 
a difference in metabolism of dietary DDT will be observed as the enzymes are 
induced. At random, hexobarbital (125 mg/kg) will be injected into a control 
and experimental to measure the sleeping time and to delinate whether induction 
of microsomal enzymes is actually taking place. 


At the end of the pretreatment period an i.p. dose of DDT (30 mg/kg) in 
com oil will be given to all animals to determine whether there is in fact an 
increased metabolism of DDT to DDA. A sufficiently large dose of DDT is utilized 
to eliminate any contribution from endogenous DDT and or metabolites. 


Of major significance of this part of the proposal is the possible use of 
Urinary DDA as a tool for measuring the induction state of the microsomal enzymes 
of humans. This is of particular importance for patients receiving known micro-. 
somal enzyme inducers, or a combination of such inducers. ^ 
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That one could test the microsomal enzyme induction state of man or animal, 
as is; that is without altering the homeostatic balance of the subject (due to 
the ubiquitous nature of COT), would seem to be significant contribution of this 
proposal. This is emphasized when one considers the ease with which Urinary DDA 
samples can be obtained and the facility with which they can be analyzed (Lee 
et al., Proc. West. Pharmacol. Soc. 16: 240, 1973). . . 
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10. Space and facilities available (when elsewhere than item 2 indicates, state location): 



Aerograph 1S20 Gas Liquid Chromatograph. 

Walton Horizontal Smoke Exposure Machine. 

Beckman LS- 200 B Liquid Scintillation Spectrometer. 

Isco Fraction Collector. 

Sorvall Model RC 2-B High Speed Refrigerated Centrifuge. 

Cold room. 

Warburg Apparatus. 

Virtis Extracto-matic. 

Space available includes research laboratories, office space and animal 
housing. 

Mettler H-15 Analytical Balance. 






^ 11. Additional facilities required: 

None required. 





C _■ . . ... 

12. Biographical sketches of investigator(s) and other professional personnel (append): 



13. Publications: (five most recent and pertinent of investigators); append list, and provide reprints if available). 
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16. Other sources of financial support: 

list financial support from all sources, including own institution, for this and related research projects. 


1 . 

2 . 

3. 


Title of Project 

Physiological Basis 
For the Genesis of 
Pulmonary Edema. 

Studies on the 
Avicide 1339. 

Forensic Toxicology 


CURRENTLY ACTIVE 
Source 

(give grant numbers) 


Amount 


Title of Project 

Role of Lung 
Microsomal Enzymes 
in Pathogenesis of 
Chemically Induced 
Pulmonary Edema 
and Fibrosis 

Edema formation and 
Drug Metabolism in 
the Lung. 


Tuberculosis and Respira¬ 
tory Disease Association 
of California 

$ 7S70 

Starling Research 

$10,000 

Robert L. King, Associates 

$ 1000 7 

PENDING OR PLANNED 


Source 

{give grant numbers) 

Amount 

American Lung Association 

$19,679 

National Institutes 
of Health 

$219,345 


Inclusive 

Dates 

7/1/73 to 6/30/74 


7/1/73 to 6/30/74 


Inclusive 

Dates 

7/1/74 to 6/30/75 


5/1/74 to 4/30/77 


It Is understood that the investigator and institutional 
officers in applying for a grant have read and accepr 
the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made 1 ' 


Checks payable to 

V The Regents of the University of 


Principal investigator 

Typed Name Shfi N. Giri, Ph.D. _ 

Signature - d> ^ __ D ate 2 \ ^CXVt . ^ 


Telephone _(916) 752-1598 


Area Code 


Extension 


California 

Mailing address for checks 

Davis, California 95616 




■. -r ... . 

y-••' '• 


Responsible officer of institution 

Typed Name Al le n G. Man* _ 

Title Dean, R esearch Development 

Signature -C Oate 


Telephone . 


(916) 752-0650 


Area Code 


Extension 


V ' „ 


1003540385 


'M’&t 


^SOi^eTMpS://wwwjndustrydocumen^^^ 


•vvt 






Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 





X 


'rs. . 'nr 

Jacobson 

Meier 


< 


{(-'I'? <?/s.r u>/c-'/y 

ite-^eel-laneoive 


#91? 

The Council For Tobacco Research . U.S.A., Inc. 

110 EAST 59TH STREET p "‘* ?? 9 

NEW YORK, N. Y. 10022 


Application For Research Grant 


p p 

\ f MAY 2 9 1973 

~ — , -—.■/> ’ 


& - 


* \y 

j l 

Date: May 16, 1973 


Si^ LiJ d w 


1. Name of Investigator(s): (include Title and Degrees) 

Samuel G* McClugage, Jr., Ph*D., Assistant Professor, Department of Anatomy 
Marilyn L. Zimny, Ph.D., Professor, Department of Anatomy 

2. Institution & 

Address: Louisiana State University Medical Center 
Department of Anatomy 
1100 Florida Avenue 
New Orleans, Louisiana 70119 

3. Short Title of Project: 

Microvascular Response of Fetus to Carbon Monoxide or Nicotine 


4. Proposed Starting Date: 


October 1, 1973 
5• Anticipated Duration of this Specific Stud/: 


c 


October 1973 through September 1976 
Brief Descriptors of Objectives or Specific Aims: 



(PLEASE SEE PAGE 2) 


a 


7. Give a Brief Statement of your Working Hypothesis: 


* U*Wfc>. -V ' 


(SEE PAGE 3) 
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6. Brief Description of Objectives or Specific Aims: 

- There are increasing numbers of reports in the literature which 
suggest that smoking during pregnancy can cause alterations in the 
normal development of the fetus in utero. - Some of the alterations 
described are decreased neonatal birth weights, greater incidence of 
premature delivery, increased incidence of spontaneous abortion, and 
a higher incidence of stillbirths or neonatal deaths of children born 
from mothers who smoke. Other authors disagree with the causal 
relationship between impairment of fetal development and maternal 
cigarette smoking since they believe that social class, background, and 
other environmental factors which may affect the mother can have just 
as profound an effect on the fetus as maternal smoking per se. In the 
past, many have felt that the nicotine content of cigarette smoke may 
be the etiologic agent causing alterations in the fetus by possibly 
crossing the placental barrier. Since nicotine has been demonstrated to 
have so many pharmacological effects on animals and even man, it was 
only natural to strongly suspect that it was the harmful agent in ' 
cigarette smoke. However, when one examines a list of compounds which 
have been isolated in the gaseous phase of cigarette smoke, he can 
readily identify other substances which may too have an effect on a 
growing fetus in utero. One such compound is carbon monoxide (CO). 
Cigarette smoke is known to have a relatively high content of CO 
which in living animals competes with oxygen for binding by hemoglobin. 
This binding of CO by^hemoglobin forms an inactive pigment called 
carboxyhemoglobin (COHb) which causes a proportional decrease of the 
oxygen carrying capacity of the blood by shifting the oxyhemoglobin 
dissociatio 
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n curve to the left (decreases the unloading tension of 
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oxygen). Since CO is known to cross the placental barrier in various ^ 
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an ima ls and man, it may be responsible for the reported effects of 
maternal smoking on fetal development which heretofore may have been 
attributed to nicotine. Thus, using an in vivo microscopic method, 
a study will be conducted 'in rabbits to observe the responses of the fetal 
microvascular system after the maternal exposure of carbon monoxide in 
one group and after the exogenous administration of nicotine to the 
mother in a second group. The fetal microvascular response in these 
two experimental groups will then be compared to that of the mother. 
Exactly how the maternal exposure to cigarette smoke containing the CO 
and nicotine causes the reported alterations in the fetus has not been 
adequately described due, in part, to the difficulty in studying in vivo 




* v 




y*: 


the fetus while maintaining homeostasis. After in vivo observations, ' —' _ 

tissue samples from the microvessels will be taken in order to prepare 
them for transmission or scanning electron microscopy* Thus, the 
in vivo observations can be correlated with tissue sections selected 
for study by scanning or transmission electron microscopy. This study 
is designed to specifically examine in vivo the separate effects of 
nicotine or CO on the fetal microvascular system in an attempt to 
provide further information on the reported harmful effects of cigarette 
smoke on the unborn and even adults; thus, the adverse effects of maternal 
smoking on fetal development hnd its reported etiologic role in the 
development of cardiovascular diseases in adults may be better understood. 

7. Brief Statement of Working Hypothesis: 


Due to previous work done in my laboratory and work done by others, O , - 

CO may induce alterations in the fetal or adult microvascular system \ r -T* 

' - - -■ . r‘- v 

‘© * 

which seriously compromise blood flow to tissues or organs. This * , - /t, 1 * I'j&M 

- - ** r’ 

reduction of blood flow would seriously reduce the oxygenation of fetal “ ‘ 


or adult tissues; this,then, would be an additional effect 



the already compromised oxygenation of the blood due to formation of - * ** f ■ 

* * A — --- * -.-w ^ 
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COHb. Nicotine has not yet been studied in this regard. In vivo 
microscopy offers the possibility of measuring vascular dimensions and 


at the same time observing any changes in the behavior of blood in the 
microvessels. It is quite conceivable that carbon monoxide and/or 


nicotine may both alter the dynamic structure and function of the fetal 
or adult microvascular system which. In turn, will reduce the proper 
delivery of blood to tissues or organs. 





Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 
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8. Experimental Design and Significance: 

A. Experimental Design: 

In one experimental group, the mesenteries of fetal and adult 
pregnant rabbits (New Zealand albino) will be studied. The pregnant 
' rabbits will be anesthetized with Urethane I.V. (ethyl carbamate) or 
with methoxyflurane using a closed circuit anesthetic machine. To study 
the fetal circulation, a fetus is exteriorized from the uterus of the 
. mother leaving the placental circulation and fetal membranes intact on 
various days of gestation between days 25 and 32 and the fetal mesentery 
is exposed surgically. Homeostasis is maintained by irrigating the 
s field of study with Ringer T s solution warmed to the body temperature 
of the animal by regulating heaters. Gauze sponges covering the fetus 
and surrounding the mesentery provide insulation for the animal during 
the experiment. Furthermore, ambient air surrounding the fetus is 
maintained at bodily temperature (37.5°C) using a Sage air incubator. 

To study the mesentery of the adult animal, the bowel is displaced 
after laparotomy and a loop of bowel is exposed. Homeostasis Is 
maintained as in the fetus. 


To study the exposed mesentery of the fetus or adult pregnant 


animal, a beam of monochromatic or white light Is brought to the 
undersurface of the mesentery via a hollow, fused quartz rod; subsequently, 
the mesentery is transilluminated and examined with a Leitz stereo 
binocular microscope equipped with 2.5X, 4X, and 10X objectives and 
10X and 16X oculars. Measurements of the microvasculature within the 
mesentery will be performed by a Leitz eyepiece micrometer. Alternatively, 
the optical images from the microscope will be projected onto the ' * 
photocathode of a Cohu, RCA, or Fairchild/Dumont vidicon television 
system and kinerecorded with a Bolex H-16 Rex 5 16mm. motion picture 
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camera. The use of monochromatic light used in conjunction with a 
black and white television system greatly improves the visualization 
of living tissues or organs since the contrast is greatly increased. 

The 16 mm. motion picture camera may also be used for direct cinephotomicrography. 
Throughout the in vivo experiments, the results are permanently documented 
for later reference. These results can be studied repeatedly and 
critically analyzed frame by frame in order to compare the sequential 
responses of the microvasculature in one animal to that of other animals. 

Thus, using this in vivo technique, the rate, duration, magnitude and 
direction of the response in the fetus or adult animal can be examined and 
recorded. 

In one group of experimental animals, studies will be continued on 
the response of the fetal microvascular system to the maternal exposure 
of CO. To study the acute response of the fetal microvasculature to CO, 
the mother will receive a mixture of CO and air in varying concentrations 
of CO from .01% to .1% balance/air (100-1000 p.p.tn.) using a closed 
circuit anesthetic machine. This range of CO will cause an increase in 
the COHb level of the female adult rabbit from 5 - 15% which miraicks 
COHb levels which have been reported in human studies on mothers who 
smoke. The fetal microcirculation will then be studied under the 
following experimental conditions: (1) after maternal anesthesia but 
before CO exposure, i.e., while the mother is breathing room air or 
air via the closed circuit anesthetic machine; (2) during maternal CO 
exposure; (3) during recovery when the mother is again allowed to breath 
room air. It should be emphasized that each pregnant animal can be 
used for each of the above experimental (CO) groups. Thus, each animal 
can be used as its own "control". The response of the fetal microvascular 
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system to CO will be compared to that of the adult microvascular system ' 
in order to compare the sensitivity of the fetus with that of the mother. 

In a second group of experimental animals, the effects of nicotine 
on the fetal microcirculation will be examined after the administration 
of a subcutaneous dose to the mother. The dose to be used in rabbits 
will attempt to mimick that amount of nicotine absorbed by human 
smokers, which has been reported to be 1.0 to 2.0 mg. of nicotine per 
kilogram from a pack of cigarettes per day. As in the CO experimental 
group, each fetal preparation will be examined before, during, and after 
the maternal administration of nicotine. The response in the fetus will 
' also be compared to that of the adult microvascular system. 

After completion of experiments on the effects of CO or nicotine on 
the fetal microvascular system, the results from the two experiments will 
be compared for any similarities or differences in responses under the 
two experimental conditions. A third group of experiments which would be 
most interesting to perform would be to study the response of the fetal 
microvascular system during the maternal inhalation of cigarette smoke. 
However, to date, I am not aware of any mechanical device for exposing 
rabbits to cigarette smoke under conditions which simulate human exposure. 
There are, of course, means by which the effects of cigarette smoke could 
be examined in rabbits, but I question the value of these studies if 
they do not at least simulate conditions during human smoking. If such 
a device for rabbits becomes available during the course of the experiments, 
it could be easily Incorporated into the experimental design of this 
study. I know that the Council for Tobacco Research is sponsoring work 
to develop mechanical devices for animals which simulate human conditions; 
thus, they are in a position to know when such a device for use with “ ' 
rabbits becomes available. The in vivo model which is to be used in the 
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various experimental groups would be a means for examining the effects 
of maternal smoking on the response of the fetal microvascular system, 
and then to compare this response with the nicotine-treated and CO-treated 
animals• 

One further experimental group of animals will be used to study 
in adult female Sprague-Dawley rats (100-125g) the response of the 
mesenteric and hepatic microvascular system to carbon monoxide or 
nicotine* Animals will be anesthetized by intraperitoneal injection of 
urethane (ethyl carbamate). To expose the liver or mesentery of the 
rat, a midline and subcostal incision will be made and the liver or 
mesentery exteriorized by floating it onto a window of Saran Wrap 
which overlays a substage condenser of a Leitz Panphot microscope. 
Homeostasis will be maintained by irrigating the field with physiological 
Ringer f s solution kept at the body temperature of the animal by heat 
regulators. Transillumination of the tissue will be accomplished by 
using a technique modified after Bloch and Coyas (Anat. Rec. 145 : 

374, 1963). With the liver or mesentery in position over the substage 
condenser, microscopy of the tissue is accomplished by passing a beam 
of monochromatic light through the condenser of a modified Leitz Panphot 
microscope. As mentioned earlier, the use of monochromatic light aids 
In the visualization of tissues and when used in conjunction with a 
black and white television system, the contrast can be greatly improved. 
The transilluminated tissues can then be observed by direct microscopy 
at magnifications of 100-1200X using Leitz water immersion or U.M.K. 
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group of animals will provide information on another species of animal 
which can then be compared to the response of the microvascular system 
in adult rabbits. Furthermore, the use of a microscope (Leitz Panphot) 
which permits higher magnifications (100-1200X) than a stereo-binocular 
microscope may provide information which would not be obtainable with 
lower magnifications and poorer resolutions. Also, the microvascular 

♦ 

system of liver is morphologically and functionally different from that 
of the mesentery; thus, the sensitivity of the two to CO or nicotine 
may also be quite different since one represents a microvascular bed in 
a relatively non-metabolic tissue (mesentery) versus one which is highly 
metabolic (liver). 

During the experiments, the maternal and fetal hematocrit, hemoglobin 
concentration (g/100ml), oxyhemoglobin concentration '(%) and carboxyhemoglobin 
■(%) will be monitored, the latter three by an IL CO-Oximeter, in order to 
compare the response in the fetal or adult microvascular systems with 
any fluctuations in maternal or fetal blood parameters. 

In each of the various experimental groups, samples of blood vessels 
will be taken after in vivo observations. These samples of blood vessels 
will be fixed in 2% gluteraldehyde, buffered with cacodylate, pH 7.4 for 
24 hours, rinsed three times with buffer and stored in a refrigerator. 

Part of the sample will then be osmicated, dehydrated in graded alcohols, 
processed through amyl acetate and critical point dried. After drying, 
the tissue will be coated with carbon and gold palladium alloy and viewed 
in a JSM-U3 scanning electron microscope. The usual accelerating voltage 
used by the investigator in past studies of other tissues has been 15 KV. 
Observations of the tissue in question will be made at this accelerating 
voltage and other magnitudes of voltage will be tested so as to obtain 
the maximum visual results. 


— *■.« «««•£• iXfc -,- 


• . v'.', . 

r .few - **— 


Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 


1003540395 




-10- 


V 


Following scanning electron microscopic observations, the sample may 
be placed in propylene oxide and embedded in plastic for further study 
with the transmission electron microscope. The plastic embedment material 
used in our laboratory is either Maraglas or Araldite. After polymerization 
of the plastic embedment, 1* y plastic sections will be stained with Paragon 
and viewed with a light microscope for purposes of orientation* Ultra 
thin sections will then be made, stained with uranyl acetate and lead 
citrate and viewed with an A.E.I.-6B transmission electron microscope. 

In addition to viewing the same piece of tissue with both scanning 
and transmission electron microscopy, it will also be possible to use 
part of the original sample that was fixed Jn 2% gluteraldehyde, buffered 
with cacodylate, pH 7.4, solely for transmission electron microscopic 
observation. For this, part of the original fixed sample would be osmicated, 
dehydrated in graded alcohols, placed in propylene oxide and subsequently 
be embedded in Maraglas. Once again thick plastic sections would be 
stained with Paragon and the following ultra thin sections would be 
stained with uranyl acetate and lead citrate and viewed in a transmission 
electron microscope. 

If deemed necessary, for correlation with scanning or transmission 
electron microscopic observations, part of the originally fixed sample 
can also be prepared for light microscopy. For this purpose part of the 
original fixed sample would be dehydrated in graded alcohols and embedded 
in paraffin. Paraffin sections could then be stained for routine 
histological observations or stained with special chemicals so as to 
visualize various fibrous components of the tissue or possible lipid 
inclusions* 
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B. Significance: 

The specific response of the fetal microvascular system to 
maternal exposure of carbon monoxide or nicotine has not been reported 
due, in part, to the difficulty in studying these vessels in vivo with 
the light microscope while maintaining homeostasis. In general, the 
response of the fetal microvascular system to any maternal agent is 
poorly understood due, in part, to the lack of information in man and 
animals regarding the transfer of substances across the placenta to the 
fetus. 

During this past year, my laboratory has been conducting in vivo 
studies on the response of the fetal microvascular system to maternal 
carbon monoxide exposure. The main purpose of this study was to observe 
any changes in the dynamic structure or function of the fetal microvascular 
system which may occur after exposure of the mother to carbon monoxide 
in order to possibly explain* the reported cause-and-effect relationship 
between maternal smoking and impairment of fetal growth and development. 
Since mothers who smoke have increased circulating carboxyhemoblobin 
(COHb) levels, possibly the carbon monoxide (CO) per se may have 
detrimental effects upon the fetus, particularly since CO is known to 
cross the placental barrier.-** In this regard, Astrup et_ aT. ^ found that 
mothers exposed to 180 p.p.m. of CO had a 20% decrease in birth weight 
and a neonatal mortality rate of 35%. They suggested that the CO content 
of cigarette smoke may be responsible for these two occurences. In studies 
conducted by Meyer and Comstock, perinatal mortality increased if the 
mother had smoked during pregnancy. Several authors^"^ have suggested 
that the lower birth weights and increased mortality of babies born from 
mothers who smoke may be related to the relative hypoxemia in the fetus 
caused by the CO since babies born at high altitudes often have similar 
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incidences of lower birth weights or mortalities. Many of these reports 
strongly suggest a cause-and-effect relationship between CO and fetal 
development in mothers who smoke. The hypoxemia which occurs from 
exposure to CO is most often mentioned as the harmful effect elicited by 
CO per se, either from cigarette smoke or other sources. If the hypoxemia 
is truly responsible for the pre-natal or post-natal alterations from 
mothers exposed to CO, then the only way this hypoxic effect might be 
overcome would be by either increased production of hemoglobin by 
the mother, or an increased maternal hlood flow to the placenta. 

Experiments conducted in my laboratory during the past year, however, 
suggest that CO may have other effects upon the fetus in addition to 
its known effects upon the oxyhemoglobin dissociation curve. My 
experiments to date have shown that carbon monoxide administered to the 
mother at concentrations of 100-1000 p.p.m. in an air mixture will 
cause an increase in the maternal and fetal COHb level in rabbits 
comparable to or slightly higher than that of smokers (5-25% COHb). 

The exposure to CO in the mother causes a linear increase in her 
COHb levels throughout a four hour observation period. Fetal blood 
samples taken after completion of in vivo observations on the fetal 
mesentery revealed a similar or slightly higher per cent of saturation of 
hemoglobin by carbon monoxide. The oxyhemoglobin level (%) decreased in 
the adult concomitant with the rise in COHb levels. The hematocrit and 
total hemoglobin (g/lOOml) did not change appreciably throughout the 
course of the experiments. 

The response of the fetal microvascular system to increased levels 
of COHb is a vasoconstriction in the small arteries and veins (100-300p I.D.) 
of the mesentery followed by a progressive decrease in the linear velocity 
of blood flow through these vessels. These hemodynamic events preceded 
the eventual breakdown of the endothelial lining of the capillaries and 
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v post-capillary venules resulting in the formation of petichial hemorrhages 
along the course of these vessels (capillaries and post-capillary 
venules) and widespread congestion within the capillary network of the 
fetus. The per cent of vasoconstriction (compared with control, before 
CO administration) in the fetus increased with time and with the level of 
maternal COHb. The observation period was never longer than four hours* 
Furthermore, the degree of extravasation of red blood cells from the 
capillaries or post-capillary venules and the amount of congestion within 
the microscopic field also increased with time and with the level of 
maternal COHb. The maximal response to the increased COHb levels was 
cessation of flow through terminal arterioles, capillaries, and post- 
capillary venules, with a great reduction in the linear velocity of 
blood flowing through the small arteries and veins in the mesentery. Due 
to the congestion within the capillary bed, the majority of the blood 
flowing in the small arteries would bypass the capillary network by 
flowing into arteriovenous anastamoses into small veins or venules. 

Control animals allowed to breath room air or an air/gas mixture did 
not develop the microvascular lesions observed in fetuses exposed to CO 
for similar periods of time up to four hours. 

Once a high level of maternal COHb was reached,the toxic effects 
of CO on the fetus were not reversible since removal of the CO stimulus 
after the initial vasoconstriction does not reverse the further effects 
upon endothelial permeability of capillaries and post-capillary venules. 

. This is probably explained by the fact that the COHb levels, once 
elevated (20-25%), will not fall in time to prevent further damage to 
the endothelium of the capillaries and post-capillary venules. The 
results suggest, however, that if the CO stimulus is removed before the 
COHb levels reach 10% in the mother, only a slight vasoconstriction of 

small arteries and veins will be observed. , 
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It is interesting to compare the results of these experiments with 
those experiments performed in the past on the response of the fetal 
mesenteric microvascular system to maternal hypoxia*^. In this earlier 
study, maternal hypoxia induced a vasoconstriction in the fetal microvascular 
bed which seemed to be mediated by an oxygen dependent alpha-adrenergic 
mechanism since recovery from this vasoconstriction coincided with 
the return of the p (>2 to normal values after removal of the hypoxic 
stimulus to the mother. In these experiments* this recovery occurred 
within 20 minutes. 

The results of my experiments suggest that the vasoconstriction in 
the fetal microvascular system may be due to fetal hypoxemia which 
occurs with increased levels of COHb since hypoxia alone. Induced by a 
low oxygen gas mixture, produced a similar vasoconstriction. Other 
authors^ have also reported increased fetal systemic vascular 
resistance during hypoxia in pregnant ewes, although one cannot assume 
that an increased fetal systemic vascular resistance reflects what is 
occuring in a particular microvascular bed of an animal. 

It is more difficult to explain the endothelial damage induced by 
CO per se or hypoxia. In this regard, the extravasation of red blood 
cells through the endothelium represents some type of endothelial damage. 

This increased permeability of endothelium after exposure to CO has 
also been described by other authors in "adult" animals or human studies. 
Astrup^ found that cholesterol-fed adult rabbits exposed to CO had a 
greater accumulation of cholesterol in their arterial walls (aorta) 
when compared to only cholesterol-fed controls. Furthermore, Astrup and 
his associates found that CO (9-10% COHb) alone induces arterial lesions 
hallmarked by subendothelial edema indistinguishable from the intimal 
appearance of spontaneous arteriosclerosis. Even though the lesions 
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described by these authors were found in large vessels and only non-cellular 
plasma constituents permeated the endothelium, their studies still support 
a direct toxic effect of CO on vascular endothelium. Astrup et_ al 
further described an acceleration by CO alone in the development of 
atheromatosis of the aorta. They believed that the edematous condition 
and higher protein content of the aortic walls was due to an increased 
endothelial permeability. In the ultrastructural studies conducted by 
Kjeldsen et al.^ on the intimal changes in the rabbit aorta after 
moderate CO exposure, edema was evident under the basement membrane 
as well as the endothelial cells; often endothelium completely separated 
from the basement membrane and a plague was formed. Of most interest in 
this study was the presence of tiny hemorrhages with platelet and red 

14 

blood cell plugging in the areas of denuded endothelium. Kjeldsen _et^ al . 

'j 

concluded that the morphologic intimal changes of the rabbit aorta were 
due to CO per se since the oxygen tension did not change during CO 
exposure. This was not the case in my experiments, since oxygen tension 
did decrease with a concomitant rise in COHb. Siggaard-Andersen et al.^ 
also reported that CO induces endothelial damage and that CO has a more 
pronounced effect than hypoxia alone on the permeability of capillaries 
to albumin. The exact mechanism by which CO increases endothelial 
permeability to plasma and/or cellular components of blood remains obscure; 
however, oxygen dependent enzymes may be necessary in order to maintain the 
permeability of individual endothelial cells and/or intercellular endothelial 
junctions. CO may in some way have a direct toxic effect upon these same enzymes 
The results of experiments on rabbit fetuses in my laboratory and 
those conducted by others on adult animals strongly suggest that CO can 
compromise the blood flow to tissues by causing a vasoconstriction of 
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small arteries and veins and by increasing the endothelial permeability 
to plasma and/or cellular constituents of blood. These functional or 
morphological alterations can severely compromise the perfusion of capillaries 
thus impairing the proper delivery of oxygen to tissues or organs. This, 
then, would be an additional effect of CO upon the already compromised 
oxygenation of the blood due to formation of the inactive pigment, • 
car b o xy h emo gl ob i n. 

The results from these studies lend further support to the possibility 
that the CO content of cigarette smoke may be the causative agent which is 
responsible for the lower birth weights of newborn or the higher incidence 
of neonatal mortality in newborns from mothers who smoke. The microvascular 
effects described in this study coupled with the known effects of CO on 
oxygenation could impair the proper delivery of blood to the growing 

N 

fetus. The functional and morphologic alterations which may arise in the 
fetus, then, really only depends upon whether or not the microvascular 
response observed in the fetal mesentery is truly representative of what 
occurs in other microvascular beds such as the central nervous system. 

The experimental protocol in this proposal will further investigate 
the effects of CO on the fetal microvascular system* The use of 
monochromatic light will provide additional information on the alterations 
in structure and function of the microvascular system induced by CO by 
enabling more critical observations of the microvascular response at one 
wavelength of light, for example, 414 mp for hemoglobin. Since studies will 
also be conducted on the maternal microvascular response to CO, it will be 
interesting to ascertain if this response mimicks that in the fetus. Since 
several of the; ultras tructural studies by Kj eldsen ejt a]_. ^ and others suggest that a 
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mild exposure to CO can induce pathologic changes in the walls of vessels 
in rabbits, it is conceivable that these changes could have an effect upon 
the flow of blood through these vessels. Thus, the experiments on the 
response of the adult microvascular system will be compared to: (1) the 
response of the fetus; (2) ultrastructural studies conducted by other 
authors in adult animals or man; and (3) the ultrastructural results qf 
our own studies. If CO increases the permeability of endothelium to plasma 
constituents, then it may well be that CO does play a significant role 
in the development of coronary heart disease and even peripheral vascular 
diseases as has been suggested by several authors. If our scanning and 
transmission electron microscopic studies of fetal blood vessels which 
have been exposed to CO demonstrate a structural similarity to adult blood 
vessels that have been exposed to CO, then can one conclude that such 

morphologic changes might predispose a newborn animal (or human) to 

» 

cardiovascular disease in later life? The dovetailing of information gathered 
from vital microscopic, scanning electron microscopic, and transmission 
electron microscopic studies of fetal vessels exposed to CO in this study 
may either support or refute this possibility. 

The results form the CO experimental groups will be compared to the 
results from the nicotine experimental groups. Little information is 
available on the effects of nicotine on the fetus. The potentially 
harmful effects of nicotine on the fetus are just as important as those 
effects which may be related to CO. In fact, nicotine has been implicated 
more often than CO as the main harmful constituent of tobacco smoke due, 
in part, to its known pharmacological effects on the cardiovascular system. 
Nicotine is known to cross the placental barrier in some animals such as 
rats.^ In these animals, the fetal levels of nicotine actually exceeded 
the maternal levels at various intervals of time after maternal administration 

of radioactive nicotine. Nicotine is known to induce a significant ' J ’ 
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increase in the amount of catecholamines released from the adrenal gland,17 

If nicotine does cross the placental barrier in pregnant rabbits and if it 

does increase circulating levels of catecholamines due to its action on 

the fetal adrenal gland, then the peripheral vascular resistance and/or 

cardiac output might be markedly affected. Nicotine is also known to have 

other effects such as accelerating platelet aggregation by ADP.-^ Like 

CO, nicotine also has been shown to affect the birth weight and neonatal or 

19 

prenatal mortality rate of offspring of mothers who received nicotine. 

The vasoconstriction and breakdown of the endothelial lining of the fetal 

microvascular system after CO may also occur with nicotine since Matsubara 
20 

and Sano suggested that nicotine induces closure of pre-capillary 

sphincters in calves causing a decreased capillary filtration coefficient. 

20 

Although the studies by Matsubara and Sano were performed in calves, 
other authors have described the effects of nicotine on the fetus and 
have suggested that the response depends upon the gestational age of the 
fetus which, in turn, reflects the development of the autonomic nervous 
system and adrenal gland. Thus, nicotine can play a similar role as CO 
in compromising the blood flow and/or oxygenation of growing fetuses; 
thus it is put in a similar category as a potentially harmful etiologic 
agent of tobacco smoke. It will be interesting to compare the response 
of the fetal microvascular system to the exogeneous administration of 
nicotine to the mother with the response of maternal carbon monoxide 
esposure. Then one may be able to better appreciate the mechanisms which 
function in the fetus to produce deleterious effects upon fetal growth 
and development in mothers who smoke. 

As mentioned in the experimental protocol, the studies conducted on 
the response of the "adult" microvascular system in rabbits after exposure 
to CO or nicotine will be repeated in adult rats. Thus, in vivo observations 
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will be conducted on the response of the mesenteric microvascular system 
in rats to CO or nicotine and compared to the response in "adult 1 * rabbits. 

This will permit a comparison of the sensitivities to CO or nicotine of 
these two animals in the same microvascular bed. Furthermore, in order 
to study the effects of CO or nicotine on another microvascular bed, in 
vivo microscopic studies will be conducted in rats on the response of the 
hepatic microvascular system to CO or nicotine; these results will then 
be compared to the response in the mesentery. This will provide useful 
information on the sensitivities of different microvascular beds in 
the same animal (hepatic and mesenteric in rats) versus similar microvascular 
beds in two different animals (mesenteric in adult rabbits and rats). 

After completion of the acute experiments outlined in this proposal, 
hopefully additional information will be available which either supports 
or refutes (a) the reported cause-and-effeet relationship between cigarette 
smoking and fetal or neonatal development, and (b) the etiologic role 
cigarette smoking plays in the development of various cardiovascular 
diseases in adults. By examining the separate effects of CO and nicotine 
on the adult and fetal microvascular systems in animals, one may gain a 
better insight into the problem of defining what constituents of cigarette 
smoke are truly harmful. 

C. Addendum: 

In the experimental protocol, one potential experimental group was 
the effects of maternal smoking on the fetal or adult microvascular system. 
These studies depended upon the availability of a mechanical device which 
would simulate human exposure to cigarette smoke. I would like to re-emphasize 
that if such a machine becomes available, this experimental group (exposure 
to smoke) will be added. I believe that this would be an integral part of 
the proposal since one could observe in the living animal if the CO - 
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response or the nicotine-response more closely followed the microvascular 
response of exposure to cigarette smoke* 


c 


c 
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epinephrine secretion in the dog. Proc. Soc. Exp. Biol. Med. 
112 : 843-847, 1963. 

18. Schievelbein, H., and Eberhardt, R. Cardiovascular actions of 

nicotine and smoking. J. Natl. Cane. Inst. _48: 1784-1794, 
1972. 

19. Becker, R. F., and Martin, J. C. Vital effects of chronic nicotine 

absorption and chronic hypoxic stress during pregnancy and the 
nursing period. Am. J. Obstet. Gynecol. 110 : 522-533, 1971. 

20. Matsubara, I., and Sano, T. Effect of cigarette smoking on 

human precapillary sphincters. Br. J. Pharmacol. 45 : 

13-20, 1972. 
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9. Physical Facilities Available : 

The senior investigator has 400 square feet of laboratory space 
equipped with the following items.: 1 vibrationless steel optical bench 

for vital microscopy; quartz-rod apparatus; Leitz stereo binocular microscope 
modified for vital microscopy; Leitz Panphot microscope (without optics); 

RCA Vidicon television system; Fairchild/Dumont Vidicon television system; 

8 ,T Conrac TV monitor; Bo lex H-16 Rex 5 16 mm. motion picture camera 
adapted for cinemicrophotography; 2-tripods; motion picture editing 
and storage equipment; YS1 temperature control equipment; balances; Sage 
air curtain incubator; Heidbrink closed-circuit anesthetic machine; Wilmot 
Castle surgical lamp; Bausch and Lomb spectrophotometer; A. 0. microtome; 
warming table; clinical centrifuge; A. 0. microstar microscope; deionizer; 
microhematocrit centrifuge; IL 182 CO-oximeter. 

Dr. 2imny has in her laboratory a A.E.I. - 6B transmission electron 
microscope; furthermore, she has available for her use a scanning electron 
microscope, J.S.M. - U3, at Touro Infirmary in New Orleans. 

The Department of Anatomy also maintains adequate dark room and animal 
care facilities. 

10. Additional Requirements * 

None 
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Biographical Sketches of Professional Personnel and 
Pertinent Publications: 


Samuel G, McClugage, Jr. 


Birth Date: * 
Birth Place: 


REDACT 


Undergraduate: ' Millikin University, Decatur, Illinois 
A.B. (Zoology), 1966. 

Graduate: University of Cincinnati, College of 

Medicine, Cincinnati, Ohio 
Ph.D. (Anatomy), 1970. 


N.I.H. Predoctoral Fellowship, 1967-1970 


Consultant,Proctor and Gamble Company, Cincinnati, Ohio 
1972 - 


Recipient, Microcirculatory Society-Pharmacia Travel Award 
(to visit research laboratories in Scandanavia), June, 1973. 

American Association for the Advancement of Science, 1967 — 
Midwestern Association of Anatomists, 1968-1971 
Microcirculatory Society, 1968 - 
Sigma XI, 1970 - 

International Society for Experimental Hematology, 1970 - 
New Orleans Section, International Association for Dental 
Research, 1972 - 

In vivo microscopy of living cells, tissues, and organs 
in situ under normal or pathologic conditions; in vivo 
physiologic and pharmacologic studies; microcirculation; 
hematology; application of television and electronic 
techniques to microscopic study of living tissues and 
organs ijn situ. 

1. Assistant Professor of Anatomy, Louisiana State . 
University Medical Center, 1971 - present 

2. Postdoctoral Fellow in Anatomy, University of Cincinnati, 
1970-1971 

3. Pre-doctoral Fellow, National Institutes of Health 
(GM-38179), University of Cincinnati, 1967-1970 

4. Pre-doctoral Fellow, from the Dean of the College of 
Medicine, University of Cincinnati, 1966 - 1967 

5. Assistant Instructor in Biology, Millikin University, 1966 
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Publications: 


1* McCuskey, R. S., HcClugage, S. G., Moore, T. J. , and Miller, M. L. 
Response of the fetal mesenteric microvascular system to maternal 
hypoxia, Proc. Soc. Exp. Biol. & Med. 132 : 636-639, 1969. 

2. McCuskey, R. S. , McClugage, S. G., and Younker, W. Microscopy of 
living bone marrow in situ . Blood 38 : 87-95, 1971. 

3. McClugage, S. G., McCuskey, R. S., and Meineke, H. A. Microscopy 

of living bone marrow in situ . II. Influence of the microenvironment 
on hemopoiesis. Blood 3Q_: 96-107, 1971. 

4. McClugage, S. G., and McCuskey, R. S. Relationship of the microvascular 
system to bone resorption and growth in situ . Microvas. Res. In press. 

5. McClugage, S, G., and McCuskey, R. S. Microscopic study of the 
response of the living liver to carbon tetrachloride poisoning. 

Microvas. Res. JS: 354-360, 1971. 

6. McCuskey, R. S., McClugage, S. G., and Meineke, H. A. Microscopy 

of living bone marrow in situ . Experimental Hematology J21.: 33-34, 1971. 

7. McClugage, S. G. Response of the fetal microvascular system to 
maternal carbon monoxide exposure (In preparation) . 
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NAME: Marilyn L. Zimny 


TITLE: Professor of Anatomy 


BIRTHDATE: 

PLACE OF BIRTH: 
EDUCATION: 


REDACTED 


University of Illinois, Urbana, Illinois 

Chemistry - major, Zoology - minor, B.A., 1948 
Loyola University Stritch School of Medicine, Chicago, Illinois 
Anatomy, M.S., 1951 

Loyola University Stritch School of Medicine, Chicago, Illinois 
Anatomy, Ph.D., 1954 

PROFESSIONAL EXPERIENCE: 

Professor - Anatomy, Louisiana State University Medical Center, 
1964 - present 

Associate Professor - Louisiana State University Medical Center, 
1959 - 1964 

Assistant Professor - Louisiana State University Medical Center, 
1954 - 1959 

Visiting Professor in Anatomy, University of Costa Rica, School 
of Medicine, February-June, 1961 - 1962 
Sabbatical leave, Institute of Arctic Biology, University of 
Alaska, 1966 

Abstractor for Biological Abstracts, 1959 to present 
The World Book Encyclopedia Biology Committee 

ORGANIZATIONS: 

American Association of Anatomists 

American Society of Zoologists 

American Physiological Society 

Louisiana Electron Microscope Society 

Electron Microscopic Society of America 

American Association for the Advancement of Science 

Orthopedic Research Society 
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PUBLICATIONS: 


1. Zimny, M. L. and Rigamer, E. Glomerular ultrastructure in the kidney of 
a hibernating animal* Anat. Rec. 154 : 87-94, 1966* 

2. Zimny, M, L., Sherman, M. and Romano, C. C. Ultrastructural modifications 
of the intercalated disc during hypothermia in the rat and the ground 
squirrel. Cryobiology 4^: 317-328, 1968* 

3* Zimny, M. L. Glomerular ultrastructure in kidneys from some northern 
mammals. Comp. Physiol. & Biochem. 7J_: 859-864, 1968. 

4 . Zimny, M. L. and Redler, I. An ultrastructural study of patellar 
chondromalacia In humans. Journal of Bone and Joint Surgery 51A : 
1178-1190, 1969. 

5. Redler, I. and Zimny, M. L. Scanning electron microscopy of normal and 
abnormal articular cartilage and synovia. Journal of Bone and Joint 
Surgery 52A: 1395-1404, 1970. 

6. Zimny, M. L. and Redler, I* An ultrastructural study of chondromalacia 
fabellae. Clinical Orthopaedics and Related Research 82_: 37-44, 1972. 

7. Zimny, M. L. and Redler, I. Scanning electron microscopy of chondrocytes. 
Acta Anat. 83^ 398-402, 1972. 

8. Booth, W. V., Zimny, M. L., Kaufman, H. J. and Cohn, I. Scanning 
electron microscopy of small bowel strangulation obstruction. Amer. 

J. Surg. 125 : 129-133, 1973 

9. Zimny, M. L. and Redler, I. Variations in morphology of cartilage 
within a given area of articular surface. (Submitted for publication, * 
J. Microscopy). 
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13. Budget: (1st year) 


A. Salaries (Personnel by nomes) 
ProfejilonaJ 

Samuel G. McClugage, Jr. 
Marilyn L. Zimny 


Technical 

♦Research Assistant (including fringe benefits) 
♦Research Assistant (including fringe benefits) 
Secretary (including fringe benefits) 


B, Consumable Supplies (list by categories) __________ 

100 Pregnant rabbits @$20.00 
25 Kon-pregnant rabbits @$10.00 
Anesthetic gases (CQ/Air, O 2 ) 

Motion Picture film and film processing 

Misc. supplies (chemicals, surgical Instruments, etc.) 


C Other Expenses (itemize) _ 

Animal Care (.20/day/rabbit) 

*100 hours of use of Scanning Electron Microscope @$20.00/hr. 

Travel (for two people Co attend one meeting per year) 
*Machinist expenses 


D. Permanent Equipment (itemize) _ 

♦Monochromatic system adapted for quartz rod 

♦Optical equipment necessary to adapt Leitz Panphot Microscope 
for in vivo microscopy 

♦Low light level Cohu television camera including 
sync, generator 


E, Overhead (15% of A+B4-C) 


Sub-total 


Overhead 

Total 


Estimated Future Requirement*: 

Salaries Coniumcbte Suppi. Other Expenses Permanent Equip. 


$ 7,520. 

.00 

3,960, 

.00 

3,080. 

.00 

14,960. 

.00 

2,000. 

.00 

250. 

.00 

400. 

.00 

1,000, 

.00 

600, 

,00 

4,250. 

.00 

750. 

.00 

2,000, 

.00 

600. 

.00 

400. 

.00 

3,750, 

.00 

2,150, 

.00 

4,790 

.00 

4,750 

.00 

11,690 

3.444 

.00 

.00 . _ 

38,094 

.00 


15,758.00 


3,350.00 

3.350.00 


‘‘iliH 


16,405.00 4,250.00 _ 3,350J 

Salaries include increments of 6Z per year plus 
10 Z for fringe benefits 

It it understood that the applicant and institutional officer* 

In applying for a grant have read and found acceptable 
the Council'* "Statement or Policy Contctmng Condition* 
ond Terms Under Which Project Grant* Are A'.ode." 

* (See Justification of Budget on next page) 

■' . s.' , *+ 


1,400.00 
900.00 # 


Overhcod Total 

3,504.00 28,262.00 

3.601.00 28.506.00 


Signature /?'' / \ V; 

Director of trei«ct Samuel G. McClugage ' Jt . ‘ 
(504> 947-9961 - ext. 255 ' Tt , cphone 

Signature _ 

twit**** Otfkrr E» F. Pohlig 

Comptroller (504) 527-5142 Telephone 

t t y. & 
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IX fiucfaet: (1st year) 


A- Salaries (Personnel by names) 
Professional 

Samuel G. McClugage, Jr, 
Marilyn L. Zimny 


Technical 

♦Research Assistant (including fringe benefits) 
♦Research Assistant (including fringe benefits) 
Secretary (including fringe benefits) 


Sub-Totof 


None 

None 


$ 7,920.00 
. 3,960.00 
3,080.00 

14,960.00 


B. Consumable Supplies (list by categories) _ 

100 Pregnant rabbits @$20.00 
25 Non-pregnant rabbits @$10.00 
Anesthetic gases (CO/Air, 0 2 ) 

Motion Picture film and film processing 

Kisc. supplies (chemicals, surgical instruments, etc.) 

Sub-Total* 


2,000.00 

250.00 

400.00 

1 , 000.00 

600.00 

4,250.00 


C. Other Expense* (itemize) -- - 

Animal Care (.20/day/rabbit) 750.00 

*100 hours cf use of Scanning Electron Microscope @$20.00/hr. 2,000.00 

Travel (for two people to attend one meeting per year) 600.00 

*Machinist expenses 400.00 


. * Sub-Total 

D. Permanent Equipment (itemize) -- 

♦Monochromatic system adapted for quartz rod 

♦Optical equipment necessary to adapt Leitz Panphot Microscope 
for in vivo microscopy 

♦Low light level Cohu television camera including 
sync, generator 


3,750.00 


2,150.00 

4,790.00 

4,750.00 


Sub-total 


11,690.00 


E. Overhead (15% of A+ B-b Q 


Overhead 

Total 


38,094.00 


Estimated Futur t Requirements 


Salaries Consumable Suppl. Other Expenses Permanent Equip. 


Overhead 




/•iiA-v 

’ >*• *' =,» 


_ * cor 1 15,753.00 4,250.00 _ 3.350-00 

Ycor3 16,405.00 4.250.00 _ 3.3 50.00 

“Salaries include increments o£ 6% per year plus 
10% for fringe benefits 

It is understaoa' that the applicant and institutional officers 
In opplying for o grant have read and found acceptable 
Ibe Council's "Statement of Pchcy Cortcmmg Conditions 
ond Terms Und-Jr Which Project Gran*s Arc Made." 

* (See Justification of 3uaget on next page) 


a. $ ■ ■ 


3 . 504.00 28 . 262.00 

3 . 601.00 28 , 506.00 




’.V" 

A^;*hvM?* • i *• 

. t ‘ * +, a.* • , 


Signature ,.' " * , ^ \ ; ' ./ - J - * \ i < 

p/® t .rt Samuel G. McClugage, ^7r. ■ 
(504) 94^-9961 - eXt. 255 Telephone 

Signature ^ ft- ^^ _ 

tuuAtU Oftt.cr »t |K« IntfilutioM F. Pohlig 

Comptroller (504) 527-5L42 Telephone 

l - :ZJ* VA* , /; 
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13. Justification of Budget: 


A. Personnel 


The personnel that will be required on this project are one 
full-time research assistant for Dr. McClugage and a half-time research 
assistant who will work with Dr. Zimny in the preparation of tissues 
for scanning and transmission electron microscopy. The percent used 
for calculating fringe benefits at Louisiana State University is 10% 
which has been included in the "amount column" of the budget. 

~B, Use of Scanning "Electron ‘Microscopy : 

The Department of Anatomy at Louisiana State University Medical 
Center does not. have a scanning electron microscope (SEM). However, we 
have an agreement with the Research Institute at Touro Infirmary in 
New Orleans to rent their SEM at a rate of $20.00/hour. Dr. Zimny has 
access to this microscope whenever its use is needed. 

C. Machinist Expenses; 

The employment of a machinist who can make the necessary animal 
trays for use on the Panphot microscope, adapted for vital microscopy, 
will be necessary. These trays must meet certain specifications depending 
on the type of animal used and the particular organ which Is to be 
observed in. vivo . 

D. Permanent Equipment : 

1. Monochromatic System Adapted for Quartz Rod 

Schoeffel Instrument Corporation recently manufactured a 
monochromatic system which provides maximum light energy (from 20Q-700nm.) 

with high spectral purity. The complete system consists of a Xenon or 

. . — , ■ 

Xenon-Mercury arc lamp, power supply, arc lamp housing, double monochromators, 

* ’ , ; . v * * \ ‘ 

and appropriate optics. The double monochromators provide a narrow spectral 


; \ ... ">*J**^ >'* 1 ^ 






Source: https://www.industrydocuments.ucsf.edu/docs/hnllOOOO 


1003540416 




c 


bandwidth at the selected wavelengths while suppressing stray light at 
other wavelengths to 1 part in 100,000, This system has a focusing sleeve 
at the exit portal which would permit the beam being focused on the quartz 
rod which has been used to date for transillumination using only white 
light* The main problem with white light is the inability to selectively 
build-up the contrast of the optical system. The use of monochromatic 
light permits the selection of wavelengths of light that are absorbed 
by specific tissue and cellular components. This differential absorption 
of light by these structures enhances their contrast with the surrounding 
structures and aids in their visual recognition. When such differences 
of absorption are sensed by the television tube and converted into an 
electronic image, the contrast between tissue and cellular components can 
be enhanced further by adjustment of the brightness and contrast controls 
on the video monitor. For example, patterns of blood flow can be followed 
more easily than by using white light by selecting a wavelength of light 
that is absorbed maximally by hemoglobin in red blood cells (414 mu)* 

This system will allow more critical observations of the linear velocity 
of blood flow through the microvascular system as well as passage of these 
cells through tbe endothelium of these vessels. 

2. Optical Equipment for Panphot Microscope : 

At the present time in my laboratory, a fused quartz rod is 
being used as a light source. The use of a quartz rod (coupled with a 
monochromatic system) as a transillurainatory light source can provide 
an adequate amount of light for transillumination of thin tissues 
such as the fetal or adult mesentery in the rabbit. However, the . 




investigator is .somewhat limited in respect to the tissues or organs - x-* 
selected for study since relatively low magnifications are used. Thicker \ 


tissues or organs require higher intensities of light in order to 
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transilluminate through them. This entails the use of a condenser in 
the optical system. I have in my laboratory a used Leitz Panphot 
binocular microscope, without optics. This microscope can be adapted for 
vital microscopy which then can be used for direct in vivo observations 
of tissues or organs using transmitted or reflected light or alternatively, 
television microscopy as mentioned in one above. Thus, the part of the 
experimental protocol which requires examination of organs such as liver 
in rats can be accomplished. (1 have included a reprint, Microvas. Res. 

_3: 354-360, 1971, which will illustrate the methodology used for television 
microscopy and how it can be used to study living organs and tissues in 
situ) . 

3. Low Light Level Television Camera: 

As mentioned in two above, when transilluminating through 
thick tissues or organs using either a quartz rod or a focusing condenser 
on a microscope, the amount of light passing through the specimen is 
greatly reduced from that which would pass through a lOp thick histologic 
slide. Thus, the conservation of light becomes imperative. To help 
offset this loss of light, a higher intensity light source can be used 
in conjunction with a television system which can provide useful pictures 
under compromised lighting conditions. The low light level Cohu television 
camera (2850 series) containing a silicon diode-array vidicon can be 
used in such conditions. The automatic light range controls are fully 
operational for scene brightness changes from 0.5 footlambert to 25,000 
footlamberts with an fl.4 lens. After seeing a demonstration of this 
camera, I am convinced of its applicability to television microscopy 
under compromised lighting conditions and of its superiority over the two 
vidicon cameras I presently have in my laboratory. . . . . 
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